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In the present edition I have neither altered 
tlie arrangement, nor added to the mattlV of 
this work; having done all that I thought 
necessarv in those Aspects in the* former 
edition.—The ditierent Societies which were 
formed in London about forty years 
and v/hosc defcctive.plans are set justly ex¬ 
posed and condemned in the first Volume, 
have, with very few exceptions, sunk into 
insignificance or ruin; and the accojtint of 
them is no further interesting than as*it con- 
stitute'^ an original part of this^w^k, Snd 
mayberliaps serve to prevent tlie formation' 
ot‘^,. sii|n!ar Societies in future.—I'he grieait. 
s^,\.ees8 and fiourisivrfg stAte of the Equit&He 
v-v^v^fetv have led to the estabhslfmetft'.oli 

' "I .• I ' * 

numerous other offices for maklrig assurantf^ 
on lives and survivorships;—in all of 
the tallies of that Society haC^ been adop^ 

.with 
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with Tittle or no 1 ^‘fation :—But in most of 
.Lhose othcci' '^lie profits, instead of being 
equally divided, as in the Equitable Society, 
among toe ami'reJ, arc to be distributed 
etxelusively ainf>r|g the m^ura'Sy in propor¬ 
tion ^to the jv'hic!^ tifey have subscribed 
ard.s foiteingahe capital of the company. 
I am §orrv, however, fo observe, that' I 
know of no society or company of this kind 
v^hose plan is'altogether unexceptionable.— 
Tile origii^l constitution of the Equitable 
So^ij^ty wa.s formed on principles which 
must long ago }.ia\o produced its ruin, had 
it not been tiinelj-' clickt'd and improved by 
the prudent forbearanct and discretion of 
succ.ecding members. By the measures taken 
guard agaiM tlie improvident distribution 
of its stock, and, as far as circumstances will 
admik to make every person to participate 
in pfoportion to his interest in such part of 
the su^ibm ns ipay be sajely alienated from 
it€‘..apital, this Society cannot well be made 
more sibntn^;<or rendered a greater ben/^fit to 
the public.—But it should be rem^albered 
'a/i^ it behoves t^c ^ew Assurance ’ Com- 
hanms tp bear it particularly in mind) ^hat 
• h premiuiyp^ iff this Society vrere originally 
'twi/te as high as they are at this time—that 
t^cy had exisS-jl 20 years before those pre¬ 
mium* 
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mlums were iji the least reduced, and above 
30 years before they were reduced to their 
present amount—that the ‘^-eater part of 
their assurances at lirst wew for short terms 
(which for many reasons a|-e by far the most 
protita1)le)—tliat (heir. exi)cy.^t^'e was very 
in considerable—and ^lat tiiey i\ad aoci'inu- 

^ • V * .liil 

'letted, in proporticii to the sums assured, a 
large surplus before they ventured upon the 

sliglitest diminution of it.-In the com- 

menc<rnient of a Society the provabilities of 
life, when com])ared with those in the tables 
of observations,, will always be found much 
Ifigher than in the more advancx'd state of it; 
for at this early the lives having been 

]-ust selected on account of their healthiness, 
while in the tables those of every deseri|)tion 
are ijicludcd, it will- happen of course that 
fevv'cr die at first than the tables su|)pi»se. 
Jlut this diti'erence in favour of the »()ciety 
must not be expected to continue ahwiys in 
the .same d('gree, but rather to be pcrpetiwHy 
lessening as the lives bet'ome pUerj ancr in 
consc||uence enjoy more nearly the same' 
state .>f health as mai^ind in general at their 
res])ective ages.'—This h?is been partieulh?H 
the casein tlu^ Equitable.Soc^etyl wlierf?If 
found Jrom long experience, that the protnir 
bilities apitroach nearer to lltpse in the taVie, 
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as the lives become more advanced, till in 
bl4 age they aHe reduced almost to an equa¬ 
lity.—Should anv Sociftty, therefore, in the 
first years of i(s e^s^ncS, presuming on the 
higher probabiJitifK of life among its mem¬ 
bers, be led ijg.j/'cmce i|s premiums or in an 
aind'<} degree to cFivideXs profits; exdusi\'e 
of the foll}^ of adopting any such measures ip 
this early period, it will, by raising false 
hopes and alienating that part of its capital 
which ouglt^ to have been sufiered to aceu- 
mulate for many years, be laying the foun¬ 
dation ol’future disappointment and ruin. 

"rhe motives which lead to the establish- 
’ ment ot these companie'tfigyising generally 
from private interest rather than from any 
d^rc of bcyiefiiirig the public, the hope of 
increasing the present vaTue of their property 
will aKvavs be in danger of inciting them to 
aprematurc division of their eapital;es[)ccially 
when, fneouraged by this fallacious appear- 
^nutvoi, success during the earlier p^rt of 
their c:>h'sU!i«*:'«..—When Dr. Price first \vrote 
on the subject of lafe-assuranccs, it \d.is in. 
geru-'pl so little undersY>od, that the appli- 
vftlon of^the Equitable Society about tfiat 
, 1: for a Chart^'r, Was rejected by^ our Law- 
o'llicyrs, on the ground that their premiums 
w^-c insutiiciei>t)^although they were nearly 

vvicc 
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iwice aS high, as they are at present.—it is 
to this work, and to the grea^success of tlie 
Equitable Society, in ^onseq^nce of the ad¬ 
vice and assistance of th^ dnithor at its com- 
Tu.va'cinc'nt, that^the pnblil’ are indebted fdr 
their inlbnnation, (prfMrl^ the differ^ 
ent rolnpanics lateljr establishe\^shou!dvii£v 
conducted with skill and discretion)^ for the 
important i)cncfits arising from the more 
extended practice* of Lii'c-assm'ance. * 

Although this work, A\ licn firs^ published, 
was not intended to be :i complete treatise 
on the Doctrine of Annuities and Uev ersions, 
it contains, however, amidst a vatit viiriety of 
other important m'-(m'r, the solutions of most 
of the cases in which one or two lives are 
concerned; whicln are renclet^d, the moa? 
valuable from their application to the ditler- 
ent Soeieties which had then been established 


for the benefit of Age and Widows.—*-The 
many tables also which it j^ontains'of the 
proL.ib^iities of human life, deduced^ 
real observations, form an invaluable addi¬ 
tion t4 i-his work; for by their assistance ac¬ 
curate' solutions are ^ow given insteac^ 
those approximations founded or^ aiv erron*' 
ous hypothesis, which innnarly cases weye^.,' 


incorrect as to be altogether unfit for use^-- 
'I'o Jdr. Halley, Mr. Dc AE>ivrc, and jN'M; 


'Jdiomas 
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Thomas Simpson, and particiilarly to the 
latter, we ow« the first rudiments and im¬ 
provements ofvehis science. But for ftie 
more accurate kVo^dedge of it we are in¬ 
debted to Dr. Priae; and though he h:e eot 
extended his\^i^\'hltigatj[on« to the mor'' < (.ui- 
^J^eHfted cas^-^ of ihn'c jives, he l.es Jald a 
sure foundation for them by those tabU's 
which he lias constructed, and wliich in tfic 
crn i.cr and Jatcr stages of Site had been dl- 
supphed Iff the liypothesis of l\Ir. De 
Moiyre. I liavc long intended to a’, ail my¬ 
self of tlio.H'tables, and to complete w iiat 
Dr. Pric('unfortiinalclv lias left undone; nor 
lunar 1 3 et given up my jm‘gntion, but hope, 
should j))v hie be prolong('d and my ]i<'a!th 
pyrnjit, to accgi^iplish an ybject, whicii ap¬ 
pears to nie to be not only interesting, but 
to this country useful and important in the 
highest d(‘gn'c.* 

Thb enumerations, which, within the last 
12 vyt.fs, have been twice nndertaken of the 

C < I- 

'inhabitanis of Great Britain, appear to have 

*■-1 tune alu’adv given corrfet solutions of most','if not 
aiyrl-tliv cans ii! w'j'ieh tjio ailil! three lives are inviilved in 

eonijmij'.ioip, whieh liave beef) published in the Idiiio- 
• I'ran'.aetioii , ai«l also inserted in this W ork, 

liuiriliey are given in an jH^ehridutl form, and by no 
4n(y<i,- fined for an elementary, or {jopular treatise on the 
snrieet, 

V made 


•(i 
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made their number much greater than Dr. 
Price liad supposed. They {^ove, howevw, 
in the most decisive marnicr what he has 
laboured to maintain, tborp so many docu¬ 
ments, in opposition to most of his op¬ 
ponents, that the’prVportioV i/' inhaidtants 
to the*number of liaises is JesXthan six 
one; ami, (had the surveyors of rjindows 
made com'ct returns of those h<nises which 
were exempted on account of poverty,) tifat 
f)o had e\eu over-rated the population »f lire 
kingdom.—Had he lived, liowever, to.have 
itnessed th(‘ results of tltdsc enumerations, 
lie wmuld certainlv, .as a true friend to his 
country, have hhe pleasure in finding tlic 
number of its inhabitants so greatly to have 
exceeded his commutations;-bat it must luivtj 
been a pleasure mingled with pain and sor¬ 
row. wuien he discovered the .source of his 
error, and found that it consisted orTly in 
relying too much pn the in.'jiccurate'raurn.s 
ot ihcusurveyors, and, in conserpience, fisti-' 
matiog die paupers of the feirTgdom at less, 
than fuilf tlieir real number. 

On iiie subject /f t^e National 
wdrich so much engaged the atteutioii 
alarmed the fears of the’Auftior, I have .. ' i 
thought it necessary to make any addiiic^ia’i 
iabservatioiis. While the uresent expendi¬ 
ture 
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ture continues, and the debt is 5very year in¬ 
creasing so trct^ndously, it can be of little 
use to ascertain amotint at this particular 
period, or to opp(he anv^ arguments to the 
folly and extravag'^ncc with which it is ac¬ 
cumulating. ^V^hen if a'mountcd to, 240 
miflions, Price cor^dered the state of 
the nation as hopeh'ss. It now exceeds 
three times that sum, without the prospect 
of its being staj ed in its progress, and has 
ccrtaiiily so far prov<'d his fears to have been, 
premature, or rather his ideas of tictitious 
credit to have been much too limited. 

In proposing and recommending the esta¬ 
blishment of a Sinking Furfrl, Dr. Price con¬ 
ceived it to be as impossible that it should 
bet*^ome tho inSfrument. (ff increasing the 
debt, as that a stoppage of payment at the 
Bank sliould have produced that effect.-—Had 
he, howe\'cr, survived a few' years, he w oidd 
have had melancholy proofs of the erroneous- 
iies^»of his opinion,—He would have beheld 
the nation involved still deeper in debt,'not 
only, by ine’ans of the fund w hich was Ibi med 
fojp'ks extinction, but V.)y the very catas- 
% wlilcKi he had so often deprecated'as ■ 

loath and destruction of ail public credit, 
resources of the country have indeed 
prtAed to be far)greatcr than Dr. Price, or • 

even. 
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even his mo?t zealous opposers Lad ima¬ 
gined, and consequently have protracted tl'^t 
ruin which he anticipjsted. iut they arc not 
inexhaustible; and ifthe^same profusion and 
disregard to all economy in their manage¬ 
ment and expen(|:t)V'e beyco/itinued, the 
evils which lie prcdiyied must \^ue; with 
this onlv diderenc^, that the ruin, being 
longer delated, will become more dreadful, 
and add milliorts to the number of those 
who are involved in distress and Inist'r^i 

\\h ISIORaAN. 

London, Sept. 25, 1812, 


PREFACE 




PREFACE ' 


riJiPT I'.ornoN 


I3rFORE tin Rc.I'Vt c'liR'i's upon tlils»Work, it will ntTt 
hr iiiH'i.ipi'r U) nive him the hollouinj;; iiifo'/matioii^cou- 
cerninn it, 

A h'w vf ai'- flip), innny crcntlcmen, ol'll\o first ciniiiriice 
ill ilip law, ‘onnwl ihcmselvcs into a V'or/(.///. tor providing 
annuities for the wickms cif /dl siieli jirrsTtus in judicial 
ofFic i-'. ban isters, i iviliai'jj*and solicitors, as should clmsc 
io become members. A ])lan was agreed upon and 
piitmal, blit, .some doubt.s liappeti'iig to an.se with re¬ 
spect ill it. the direcloA resohed Icfask th« opinion arid 
adviie o! three gentlemen, well known for tlieir .skill in 
calcidatkiii. This occasioned a I'urtlicr rcl'crciicc to me j 
and the issue was. that the plan heing found to he iii- 
sulhcicnt, the u hole design was laid aside, 

Ahoiit the same time, s^ver.d other sr^'ieties were fdrmcd 
with the pirne views; hut all on plans alike imiuope^ arid 
insulTieient. landing, therefore, that t!%t puhlie wanted 
infor'mtition on this subjeei, 1 was h.'d to iindeitake this 
work; imagiiiiiig, that it mieht he soon finished, imd that 
all I eoi/ld .s:iv might he bryght^nto a’veiy narrow ttotn- 
pass, , Kut in this 1 have been mueli mistaken, j A de.sjgi' 
which 1 at first thought would gwe little, trouble, ha? an'r 
fieri me iar mtu a very wide field of inquiry ; and Tii-v. 
gaged me iir many caleirlatioiis thrrt have taken up iiiHgh 
dme and labour. 1 sludi, liotvever, he sufhcieritly reuarded 
<of jny labour, should it prove''the tagaus of preveutin^ 

any 
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any part of that distress, which is likelf to be hereafter pro¬ 
duced by tlie societies now subsisting for the benefit of 

widows.-1 hilee proved the inadequateness of their 

plans, by undeniable facts 'and mathematical demonstra¬ 
tion.—I liave, further, ^ivcn an account of some of the 
•best plaiis, which are consistent with a sufficient proba¬ 
bility of permanency and recess.-Should, thereforf*) 

any of these ^eicties deteiBiine to reform thcnwlvcs; or 
should an^fcyfnstitutions of t'.ie same kind be hereafter 
established, they will here find airection and assistance. 

In Question VI. Chap. I. a general method is described 
of finding the values, in single end annaal payments, of 
all life-annuities which are to liesriu after a civen term of 
yeart; and, in tlie 4th Section of the 2d Chapter, the 
plans of the societies for granting such annuities are parti¬ 
cularly considered, end jiroved to he extremely deficient. 

- .- indeed, the general di.s])o.sition which Las lately shewn 

itself to encourage tlie.se sot! -tic.s, is a matter of the most 
serious concern ; and ought, 1 diink, to be taken under 
the notice of the I.cgislature. The leading persons among 
the gresenl members ill be i\\c first annuitants ; and they 
arc sure of being gainers ; A id the more insufl!./cmt the 
scheme is, on vvliieh a society is formed, the greater will 
be the gains of the first anuiiilaiits. The same principle, 
tlierefoie, il.at has produced and kept up other iuM'leSy 
lias a tiwcltncy to 'ircserve and promote these: and, for 
lhisrca»!ii, it is to\)c feared, thfit, in the present case, no 
argvinients will be attended with any cHect. The con¬ 
sideration, that '• the gain made liy some in these rocieties, 

“ will he so much plunder taken from others,” ought im- 
inediaU ly to engage all to uiyulraw from them, who have 
tegard to justice and'iiiin..'>nity; but experience proves, 
?]rit tl,';.s fiigukient, when opposed to private interest, i^ 
<ti't to be too feeble *;:i It^'inrfftence. ' 

*' It cannot be said with precision, how long these societies 
ir^ay coruin\ie,|ly:ir payments to aunnitants, after beginning 
tbciQi, A coiiflh'ued inc^e^se, and a great properiion o'j 

young 



FIRST EDITIdN. 


xvii 

young members, jnay support them for a longer time than 
I can foresee. But the longer they are supported by sucli 
means, the more mischief they must occasion.—So,* at 
tradesman, who sells cheapei’ than he buys, may be kept 
up many j'ears by increasmg bjjsiness and' credit; but he 
will be all the while accinnulatbig distress; and the longser 
he goes on, the more ex^nsive ruin he w'ill produce 
at last.. 

■in the latter end of the '^rst Chapter, I stated very 
particularly, the mefh(5d of computing the values of 
msiirancea on lives and survivorships, in all cases where no 
more Ithan two lives ^re concerned : And, in the third 
Cliapter, I have pointed out a oonsiderahle error, into 
which there is a danger of falling in computing sffme of 
these values. The societies and oflices for tran.>'iefirig 
business in this way, are very nseful; and it is necessary 
that they should go upon the best prineijilcs, and possess 
all the information that car^vbe given them. • 

But there is no part oftids work in nbich the public Is 
so much concerned, as the sixth Chapter. It w'ill be there 
proved, that had the su^s raised for^public services since 
tlic Revoi.i;tion, been mi*ch greater than tl’iey have been, 
the. increase of the public debts to tl'.cir present state might 
have been prevented in ilie easiest manner, and at a 
trifling expence. A method, likewise, of reducingwvithiu 
due bciunds these debt'-, heavy as tl?^y now aifj ^111 be 
proposed.—All compi toft judges will, 1 believe, that 
this method being founded on thc^most peifect imprave- 
ment ^bat can be made of money, is tli<?most expeditious 
and effeetual that the natures of things admit ^f. No;, in 
my opinion, if the nation is i/ot yet tc'o near the Umh of its 
resources, can there be apy^ood’reason against carryfngit 

jnto execution.-It is well known, to i\hat*pii^ljgio.ts 

sums, ^loney, iinpioved for seme tiijie at compoundj.n 
teresl, will increase.^ A staic, if there is no misappliea^ 


A penty, to improved from our Sayiour’s.birtIi, as to double itself 

VOX.. I. b 
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tion of money, must ■ necessarily make this improreijient 
of any savings, which can be applied to the payment of its 
debts. It need never, therefore, be under any difficulties; 
for, with the smallest savings, it may, in as little time ns 
its interest can require, pay off the largest debts. 

In i\\(i first Essay I have njade many observations on the 
expectations of,lives, the pernicious influence of grpat towns 
on health,manners, and population; the increase of 
mankind; and other subjects itvthe doctrine of Annuities 

and Political Arithmetic.-In the second Essay I have 

stated carefully the proper methotj of forming Ti.bles ol 
the probabilities of buinaii life, from given observations : 
Andy at the close of this work, besides several nevv Tables, 
I have thought it necessary to give Mr. Simpson’s Tables oi 
the values and expectations of London lives.- 1 have 

every 14 fears, or which is neariy the same, pot out In 5 percent. 
componiid iiuercst at our Saviour’s bir.'i, would, by this time, (that is, 
in 1773 years) have increased to more money than would be con¬ 
tained in i.’iO millions of globes, each equal to the earth in magnitude, 
and all solid gold. * 

* This coHiputalion is made on tfic supposition that a cu'bic inch of 
gold is worth about 331.—But since a cubic inch of water is known to 
weigh 254 grains nearly, and the specihek gravities of ttandard gold 
and w'pler are to each other at 18,888 to one, it will follow that a cubic 
inch of ^qld, accordinr to the Mint price of 31. 17 j. lOJd. per oz. will 
ainou.it to S8l. 10s. and consequently that a penny improved at 
compoiif.U interest so .as to double itself once in 14 years, from the time 
sh'our Stiviour’b birth to the jear 1773, would have accumulated only 
to 107 millions of tach globes as are mentioned by Dr. Price ,—but this 
is abundantly sulliciciit ,b prove the Ktrciigth of his argumenC—lu the 
year 1702, itVouId have accumulated on the above supposition to 274r 
miilious of those globes. ’i 

^ instead of supposing mVincy to djuble itself every 14 years it be 
jmproved o p^4■ cent, compound interest, the accumulation in 1791 
,yearF will amount onlj to 144 millions, and in 1773 years to no more 
th. 11 60 millions of globes. Tlie difference therefore between the sup¬ 
position of money's doubling itself every 14 years and of its being im¬ 
proved at 5 per cent, compound interest, is far from being inconsidera¬ 
ble, cspecitiUy iu a lon^ term of vcari. 
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also, in the notes’at the end of the first Volume, given the 
Demonstrations the Answers to the Questions in Chap. I. 
These Demonstrations 1 have chosen to keep out of siglit 
in the body of the work, irf order to avoid discouraging 
such readers as may be unacquainted with matliematics. 


Upon the whole. A«grea|^ part of the work now offered 
to the Public is, I belie\fe, new; and I arn in hopes also, 

Z it Will be found to conf irin some impro^i^ients in those 
^ iches of philosophical enquiry, which, are the sub¬ 


jects of it.. 


PREFACE 




PREFACE 


XO THK 

THIRD EDITION. 


Thap favourable reception of this Work, which has 
occasioned the presen! Edition of it, €0 socflr after two 
former editions, is such a proof that it h*as been of some 
use to the public, as amply rewards me for the attention 
and labour which I have bestowed upon it. In revising it 
on the present occasion, I have been anxious about im¬ 
proving it as far as possible. Several additional facts and 
observations have been inj‘i;rted in different places, parti¬ 
cularly in the First Essay and the Postscript to it.—That 
part of the Second Section, Chap. II. which treats of the 
Scotch establishment, h5s been new t'omposcd, and care¬ 
fully aecommodated to the more accurate information con- 
cermtig it, wuh which I have been favoured. 

The bupPLEMKNT is an addition which was made to the 
second edition.—The o' servations in it^n the present state 
of our population have oe^n a good dea?enlarged.—This is 
a vcr\" serious and important subject. If, indeed, t?lei>e hjs 
bee-' that c! minution of our people* whicjt the evidence I 
ha” produced seems to shew, it must'alarm every one who 
wishe* w'oli to his country, apd it ought to engage the im- 

mediare'and vigorous attention o^ government.-J^any 

differ from me in this point; and 1 Wish lyiould find 

reason to believe as they do. .leveral great^anu; 
facturintr towns have, I know, increased ; but these»ar^ 
notl' I’g to ihe whole kingdom ; and even by their in- 
irease, opr population may, on the whole, have lost mofe 

than 
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than it has gained.—^, truth; it ^ouldT have been strange 
i&our Quinbers had nea been iebliiiSng} for I can scarcely 
think of any great cause of^depopulation, which has not 
for the last 80 years been operating among us. 

The prodigious traflSc flow carried on in Life-annuities, 
and the rage for fpming and encouaging Annuity Schemes, 
which has for some time l)een spreading through the king¬ 
dom, has rented the information which I have^neant to 
convey in tffe following work patgidilarly necessary. An-d 
1 have had the pleasure to observe that tt has been attended 
to. Several of the Annuity Societies in Lohhov have 
been dissolved; and there is reason to hope, that those 
whifii still reman) will hot be able much longer to support 
themselves on their present plans, in opposition to the 
evidence of demonstration, and the calls of justice and 
-humanity.-Tliese Bubble'!, however, are of little con¬ 

sequence, compared with that guano national evil, 
■which is the subject of the sikih chapter of this treatise. 
This is an evil on which I could not imagine, that any such 
efforts as mine would make any great impression. Perhaps, 
inflecd, the united efforts of all the independent pari of the 
kingdom would now be too weak to save us frooi the dis¬ 
tress with which it threatens us, 

Miich has been said for some time of a plan mentioned 
in Pikiti.iAMENT, f;t the end of 1,he last session, for paying 
off tl./N.vnuNAL Debt. This raised some expectations; 
ail'd i will beg Ifavc here to give a brief account of it. 

After providing Rir all the current services, there re- 
inains tin. yi .u (I77d) asuubigor over plus of 
With tliis sum, and a p^rofit ^l.'iOjOOO from a Lottery 
''co..^i^ting of ^tO.OOtl tickets, a'MiLLioN and a half of 
the W/«'/ ernf. ajnuitics, purchased at 90, will be paid 
oiV— When ibis was projiased to the House of Commons, 
it was at liic same time announced, tliat it would be the 
commencement OF a plan for paying off the na- 
TlON.VL debt; foV, if-“ao extraordinary services should 
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call for any other application of the public surplusses, the 
same payment, increased by the interest of former payments, 
is intended to be made cvey year while the peace lasts: 
And thus, reckoning comf^ound interest at 3 per cent. 
sKVENTBiSN MH-x-ioNs wUI be paid off dotting a peace of 
tea years. 


On fids plan I will take the liberty, wlili all the defer- 
which becomes me^to the station and abilities of the 
proposer of it, to offer the following remarks. 

lst.| It implies, tJiat there is to be a Lottery every year 
during the whole corftinuance of peaqp.—FarnierJy, lot¬ 
teries were expedients for procuring money on more ad¬ 
vantageous terms, to which government had recourse, 
when pressed by the necessities of war. Tliey are new, it 
seems, to be established as permanen* resources never to be 
given up or suspended.—This must shock eycry person wlio 
is duly acquainted with the niiscliicf occasioned by lot¬ 
teries, particularly among the lower classes of people. 
The rage for gaming threatens tlie ruin of all tliat is 
virtuous and manly among us. It is, increasing fast, and 
■(vants nbt to be fosteretl by*government. 

2dly. The mrphis of the present year Is in part the effect 
of some extraordinary savings in the last year, ( 177 -) 
which cannot be expected another year: And, I Ift'lieve, 
that those who are best acquainted with this subject,, must 
be sensible that there is no sufficient reason to'^pect, 
while the augmentation of the navy is continued, a con¬ 
stant surplus of so much as a Ml^l.^oN per aim. 1 mean 
this on the supposition, that the produce of .the Sinking 
Fund wjU continue what it is taken for ;liis year, and what 
it has,been the last threesyears, or .^■'2,f)n0^()00. l>u? ihi* 
is certainly more than can be dcpendec^on. The diffttvilties 
of the East India Company ; tliat stagnation of etj^d^ 
wliich has lately distressed the public; and many othcT 
causes, may possibly occasion Dijiaeiuies. Should there, 
how'ever,’ be an increase, it will iia^ovring, I am afraid, to 

.a veiy 
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a very, bad cause : ' I meat), to an increase of our importt- 
tioBs proceeding front luxury, and turning the balance of 
tra3e against u<; and, conseouently, draining the king¬ 
dom of its specie, and leaving it more and more to the 
precarious and dangerous support of paper money. But, 

€dly. Let the surplus of the public revenue prove what 
it will, there is too much probibilhy that, even during the 
continuance Of pcjice, some emergencies or other .will be 
often furnishing reasons or presences for employing it^ 
other n ays than the payment of the public debts. This Im's 
been the case hitherto ; and from the year 1730 the 
present time, «it has^never happened, ‘hat vve have gone on 
above three or four years together employing surplusses in 
discharging debts. Though in profound peace, there liave 
been calls for a different application of them; nor can 1 
imagine what reason there is for believing that our cii cum- 
stances are so much changed for tlie better, that there 
will arise no such calls for ten years to come, should the 
jieace last so long. But, 

-ithiy, The most capital defect in this plan is, tliat its 
operation is to ceast^. as soon as, a war begins. That 
is; it is to cease at the very time when it would operate to 
most advantage, and make the quickest progress in re¬ 
deeming the public debts. This has been demonstrated in 
the chapter on public credit in this Treatise, and in my 
Appeal to-the Picblic^ the Subject of the National Debt. 

Is it>!ien any wonder, that sdeli a plan has had no 
effe'e. on public credit ?—Loes it mean any more than that 
*hc surplusses of fire {avenue shall be applied to tli(^ dis- 
clairgc of our d^bts, when there are no other uses for 
theni ?—x\nd was tliere ever a time when this was not 
dijnq? Is not this the very plhUiWe have been pursuing 
these (ijirty gears', anti to which we owe our present in- • 
edmbrancesi Certain it is, that nothing but a plan that 
stiiill go on operating uniformly in tear as well as in peace, 
Or the establishment of a permanent fund that shall never 
be diverted; that is, i n o ther w’ords, a return < to the' 
3 scheme 
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^henae adopted* the legislature ia I7l6; and which 
even now stands established by law, but which, through 
the unpardonable misconduct of men in power, has been 
defeated of its good effects /Nothing, I say, but this can 
do us any essential service; o% in our present circum¬ 
stances, be much more than trifling with tlie dllbeulties 
and dangers of tlie public.—'-Establish sucli a fund—Con- 
wgitfUip a particular commission, actingamcier penalties, 

■ j^^eli a manner as shall t;ikc it out of the .bands of the 
T'fas/in/, and form a *neck even on the ll'jnsv '.j' Com- 
rions kself.—Sujtply from time to time all tlefiefeiicies just 
as if no sncii fund existed ; and, by these an,d otJier mt^i- 
.sures, eourince t/ic fi'rigdum that soiiicthiii^' eHcctu:i! is 
meant, and tiiat tlie pnldic dents are indeed in tlieVay to 
be cxtinguislied. — Let this nn noxi:; and \vc may soon 
sec a new sttite of things; publie exdlt may revive; and 
tlie kingdom enjoy :it least a chance for being preserved.-— 
By the conlidenee which such a measure woidd give in 
government security; but more especially, by the in¬ 
creasing sums w’Lieli would be tiirown annually into the 
public-maiket.s, and rei^irned to tlie^ublic creditors, (lie 
3 per cunils. would soon bc^-aised to par, and in some time 
probably far above par. It is well known, what an effect 
iorruiuuip every year has in sinking funds. Paying every 
year would certainly have an equal contrary elfeetf In a 
time of war, particularly, it wouk! give such a demon¬ 
stration to the public, tlfat an irrvvocaile plan of 'r^lemp- 
tion was at last established, as ccujd not Init produce»tIitt 
happiest ellects. It would indeed iv tliTse eireuimtaiiccs. 
be necessary to borrow an extraordinaiy sum annuallv 
equal to the appropriation. That is; supposing the fund 
to set out with a million ^)er am* it would be necessffr^' tp 
boirow' so much more annuallv thi|^i would *ha\a.‘, been 
wanted had the fund been capable of being diverted. 
this being done to convey a eonvietion witii which the vci^ 
power of borrowing was connected ; and topres'civc a Jufjtl 
bn whiel* tlie very being of tlie ^tatt depended ; no bad 

consequences 
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consequences could follow. The annul! charge on the 
public, occasioned by the war, would be even less than it 
must have otherwise been. For, let us suppose ien mil¬ 
lions necessary to be borrowed wery year to defray the ex- 
})cnces of war, nine milUon^ only of which would have bee n 
wanted, had not the million ^urplvs been locl«d up.-— 
.Suppose further, that the scheme; by keeping up public 
credit, and throwing money every year into the haiida of 
lenders, enables government to bor,''ow at ^1 per cent. lesK 
interest thru would be otlierwise required; that is, at'4 
instead of.5 per cent. —In these circumstances, there ''.ould 
arise a presentsaving to the kingdom df .^50,000 per aim .; 
j'or the .interest of ten millions at 4 per cent, is ^£^50,000 
less than the interest of nine millions at 5 per cent. And 
such a' saving, repeated every’ year of a war, would be an 
object of some importance to the kingdom.—Indeed, there 
may be no jrossibility of conceiving what important effects 
in this way, tlie establishment of such a scheme might pro¬ 
duce. Duriug its progress in discharging our debts, and 
before it could give any relief by tlie annihilation of taxes, 
it might save the kingtioni, by preserving it from difficul¬ 
ties whic!) would liave sunk it. And every one must be 
sensible of this, who has considered wliat danger there 
is that a war, shoukl it become unavoidable before our 
ik'hts arc p\it into anv certain course of redemption, will 
latlier entirely overwhelm public credit, or so much weaken 
it. .as tiffj[)rodute an impossibility of borrowing except on 
rcry exorbitant interest, and, consequently, of finding 
*i.i\es sufficiently protfuctive to pay such interest. The 
general apprehension now is, that the nation is overloaded; 
and tyat its dehfs will never be paid. This keeps the funds 
nf at'IH/ cr, (cu/ lower than they'^vere in the last peace. 

[i‘ the'ilV.M war such(a|)prcbensioris will increase, and pro- 
pc'grea.t (Linger. But should it be then seen, that a 
^oliui '"or reiieemlng our debts, tiu: most cfiieaeious possible, 
wal going on ; and, in consequence of being guaided in 
some Eucii niaiiner as I fnfre hinted, nvuld not (or contd 

hot 
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not easily) be revoked; in these circumstances, all dan^'er 
would be so far lessened, that it might be practicabl<* to 
find new taxes wliicli would support tlie exjienccs of war 
(luring the operations of tire scheme. 

But I am got far beyond thc*limits I prescribed myself 
when I begun this Pr(iface.|—As the natjonai debt is a sub¬ 
ject unspeakably intertsting to this nation, I could not 
\j,'s<fi’]yseIfto owit any thing that appeared to me of con- 
(jyquence upon it; aadjthe Reader of this Treatise nil! on 
this aecount, I hope, excuse me, if I have detained liini 
here^too long and too unprolitably. Mucli has i)een be¬ 
fore said on this subje*ct by writers of more cbnsec|uenct’ to 
no purpose; and we shall pursue tlie path wc are,in, till 
the edge of the precipice towards w’hlch we arc advancing 
awakens us, and ruin becomes unavoidable.—'I’lic ’distress 
occasioned by the shock lately given to tlie bubble ot 
paper-credit, is, I am afraid, a prelude to greater calamities, 
and a warning to prepare for them. 
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This wotk having been for some .time (|ut of print, I 
resolved about four years ago to prepare for the press a new 
edition of it, expecting that I should have only a Tew cor¬ 
rections and additions to make of no particular* conse¬ 
quence. But in this expectation* I have found myself 
greatly mistaken. Such a variety of nejv matter came in 
my way, and such means of improving this* work were 
communicated to me, as have led me to bestow upon it 
more attention and labour than can be easily imagined, 
and to increase it fron« one to two ioluines. 

It as probable that nathing could have engaged me to 
undertake so much labour had I foreseen it; but having 
begun, 1 could not avoid going on; and I was encouraged 
by the reflection on the favourable manner in which the 
former editions of this work bad been received, and also 
by the hope that on ont subject of human enquir;-’..! should 
be able to produce a work more complete than any thit*the 
public has been yet furnished witlff 

The additions of most consequence jn the present edition 
are the following. 

There has been added to the Second Chapte'r an jccopnt 
of several foreign Societies; and a continuation of t^e 
tory of such annuity societies as are still subsisting in Dm-'o 
don, to the time when that Chapter was printed off; that 

is, to Ae beginning of the yc!'’',17'82.-The largest of 

these 



XXX 


PREFACE TO TH* 


these additions respect the Amicable Corporalion for Per¬ 
petual Assurances at Serjeant's Inn-, and the Society in 
Chatham Place forj^ Et^iitable ^^ranres on Lives and 

Survivorships. -The forme! of these Societies, should 

they think proper to loo|< into these observations, will, i 
am persuaded, find that they require their attention.—— 
But it is th&Society last mentiondd, which, through the 
whole of this’Treatise, I have had chiefly In view. Having 
for many years been concerned in advising this Society 
(the first of the kind-in the world} and increasing fast}, 

1 have heeV anxious about giving it all the information and 
assistance, possible.-The additional observations ad¬ 

dressed tp it in this edition will be found chiefly in this 
Volume frpm page 181 to 191; and at the end of the 
Remarks on the .3Gth Table in the 2d Volume. And, 
fropi. these observations, it may be learnt in particular, 
tliat though this Society, in consequence of having hap¬ 
pily begun too liigh, has already found itself capable of 
making great abatements in its demands, it is still capable 
of making farther abatements. 

In the former editions of this work, I bad Intimated that 
a publication of tlic tables by which its business is tran.s- 
aeied w'ould be proper, together with an account of the 
principles assuniod, and the method taken in composing 
them. This is an information to which the public has a. 
right, and which is now given it in different parts of this 
work, and particularly in the Second Volume at the end of 
the Re^narks on the 36th Table. 

Many corrections have been made and several additional 
notes inserted in the First Essay. Some of these have Ijeen 
jccasianed by two late publications; one by Mr. Wales, 
master of t'.ie ntathematical sc1k)o1 at Ckrisi-Chi/rch j and 
t;' e other by Mr. Hdivlet. See, particularly, the notes in 

p' 17, 24, 26, and 2/, Vol. II. - The Table in p. 70, 

Vol. II, is also now first inserted. 
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To the fouAf.t€hapter a Foslscript has been adilcd, the 
prhtcipal intention of which is to point out the reaams for 
discarding the valuation of single and joint lives deiiwd 
from Mr. Z)<? hyprthesis; and also to describes 

nietliod of computing these Talues from any given tables of 
mortality, wliich, while it leaves no possibility of any mis¬ 
takes, renders such contputa^ions as easy and expeditious a» 
their nature will allow. 

' U'ilc’third Essay' is the same that it has been in all the 
•jiQCiner editions. But teethe FourtId’ some additions have 
been made ; particularly, the notes in p. 88, t^, and 91, 
^'ol. l\. The first two of these notes have in view a re¬ 
mark of Mr. (Vales’ and the design of the ^ast is, to de¬ 
tract an assertion in the former editions eoncerning the 
duration of life in old age in great towns, and to shew the 
reason why a greater proportion of the Inhabitants ot Lon¬ 
don died formerly in old age than have died lately. 

But the additions of most consequence ;tre the Tables In 
the Second Volume, with the remarks explaining the con¬ 
struction, use, and application of them.-In the general 

introduction to these Tables, and in the remarks on 
Table XVI. p. 306, it is shewn (and, I think, undeniably) 
that th*e Tables of the values of lives deduced from the 
London bills of mortality err only by giving them too high; 
and that, with respect to the main body of the inhabitants, 
the unfavourablencss of London to the duration of life 
continues much the satrjp that it used to be. 

Tables I. II. III. ai^ IV. are an abridgemeni'tsf Mr. 
Smart’s tables of compound interact, aad contain all that 
is important in them. 

The XVIIth Table, shewing the mean probabilities of 
the diisation of life according tc.a register of niortaj/ty at 
Nok?h.\mpton, has been inserted in all'the former Vdf- 
tions; but it is now given morv cori^ctly; and taSlts d.^jji 
duced from it have been added, of the expectations of li;4 

• In the present edition, t!ie third Cluipler. -M. 

bXo'T the tccond Lssaj in the eccond^ / alumc.—Jil. 


and 
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and the values of single lives and of Two joint lives at 
all ages, and for three rates of interest. The labour of 
computing these tables was undertaken in order to set aside 
all occasion for using the ^defective valuation of lives 
founded on Mr. De Moivre’s hypothesis ; but not having 
b( ;en able to finish these computations till a great part of 
this Treatise had been print^ of}> I have been obliged to 
continue the use of the old tahfes so far as to take fro-n 
them many of the examples of the solutions of questhns 
in the first and following chapter?. 

VVlicn tjjles of the values of ftro joint lives are given, 
the valites of three joint lives may be deduced from them, 
with perfect ease, by Mr. Simpson’s rule, inserted in the 
Second Volume of thi.s Treatise.* 

This rule saves so much tronble, tliat 1 have thought it 
worth while to procure calculations of the XXXVth and 
XXXVftii Table's, on purpose to determine how far it may 
be dcpen'Xd on. The result is given in the remarks and 
comparisons r.t the 1 of tho,‘-c Tables. And it seems to 
appear tliat it finds tlic values of three joint lives so nearly 
as to leave little rocm for wisbirig in tin’s instance any 
greater deg-rec of correctness. 

The rules from p. 221 to p. 233, Vol. I. describe a 
method of deducing, with sufficient accuracy, the value of 
any fide or number of lives at all rates of ititerest, from the 
correct value given at one rate of interest.-Jn com¬ 

puting, therefore, tables of tiic vtducs of lives, according to 
any given observations, no more will hcrcaffcr lie neces¬ 
sary than to compute diem for any one rate of interest. 

All improvements, however, of tliis kind would be of 
little consequence, were there no tables which state cor- 
rect9y the laws that govern liuman mortality in different 
situations.*' One principal part of my business In this work 
*1138 been to frame such tables; and any one who will look 
iver the collection of tables in the Second Volume, and 

r Soc Remarks at tb« end af the S6th Table. M. 

particularly 
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particularly those from the 41st to the 47th Tal)Ic, will see 
that I have been furnished with the best means of dointr 
this. 

With respect to the Tabl^, in particular, deduced from 
the Sujvdish Observations, I cannot hesitate to pronounce 
that they exceed in correctness every thing of this kind 
which has been hithcifo ofA'rcd to the public ; and that 
^otbmr is wanting to m;fke our knowledge in tin',- instance 
eoiilplete, but similar observations in other kingdoms.—By 
tkv^e Tables I have be#n enabled to state minutely the 
dilfer^nt rates of mortality at all ages among»'malcs and 
females; and to form tables of the values cjl' single and 
joint lives for each sex, as well as for both sexes collective¬ 
ly j in consequence of which, I have been farther enabled 
to determine the increase of the values of annuities j^fiyable 
during survivorship, occasioned by tjie longer duration of 
lives among females j and thus to furnish a directi(jn t)f 
some importance to the various societies in tli^s kingdom 
and abroad for providing annuities for widows. 

1 must not in this place neglect to acknowledge the 
great obligation I arn ^under to Mr. W.migkm in of the 
Royal Academy of Sciences at Stockhoi.m; for the com¬ 
munications which have cntibled me to make the additions 
to this 'i’reatise last mentioned. It will be found also, that 
1 have been much indebted to Mr. Oeolk of Oldcidwgk 
for several useful communications. 

In the observations anti rules in page 200, &c. VoY I. I 
have given a genenil account of the method of compuii.sg 
the valtica ol'prc^mtatloiis to iivings\and*ol the renewals of 
leases held either for terms certain or for lives. 

The rules from p. 203 to p. 271, Vol. I. shew how to 
deduce^ from the value^ given ^^f any annuities paj’able 
yearly, their values when payable half-yearly or (jiauterh/, 
or when secured by land and payable half-yearly. * Anitl 
the last 'Fable in p. 2/1, exhibits the particular difterenc^ 
between these values for two rates of interest. 

The 


v/n . t. 
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The collection of Tables is preceded b^'SurFLBMENT 
rfhich formed a part of the Third Edition of this work. In 
the present Edition several notes hare been added to this 
Supplement; but the addition’of most consequence is the 
Postscript on the subject of the population of the king- 
dam.-In the former Editions, and also in the publi¬ 

cation entitled an Essai/ on '‘the Popnlaiiou of England 
from the Revolution, &c. I gave an account of several faetj^ 
which seemed to me to shew, that our population has tie - 
dined. Great pains have been taken to prove this to be i 
mistake.'^ kn the Postscript just mentioned, I have ordered 
a little farther into this controversy; and it will appear that 
though I still retain my former opinion, yet I wish to be 
considered as far from being decided in it, and therefore as 
open t,p receive any evidence which can be produced to 
overthrow it. 

Being willing to comprize in this Edition all that I ha\ e 
written oi\ the duration of human life, and the values of 
life-annnitic-s, I have inserted Three Essays on these sub¬ 
jects, which Ivave been published in the Philosophical 
Transactions of the Royal Society. ^ 

A pretty copious Index closes the whole. 

The additions I shall last mention are those which relate 
to pubhe credit and the national debt 5 and I have chosen 


a Mue'. has been said also about a mistake into nhich it is supposed 
I hate fallen in estimating the quantity of gold coin in the kingdom. 
The truth, in this instance, .ts briefly this.—The third procKamation for 
calling in liie gold coin brought in near doubU the sum that was «j- 
pccted. In consequence of this, an estimate which I had published in 
the First Tract on Civi' Liberty, proved short of the truth about three 
milliorti ani a half •, and it appears no«>, that, exclusive Of }no mil¬ 
lions purchased by the bank and melted into bars, (he gold coin of the 
lH'^igdom was (in I7T3) about sis teen millions, instead of laelve millions 
T a aalf, as 1 bad reckoned it. And this is the account I have given 
in the last edition, p. 71, of the Tract just mentioned, except that 
being then not informed of the coin purchased by the bank, 1 have not 
meulioned it. 

. to 
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TO mention them,last, on account of their parttcular na¬ 
ture ni)(l importance. 

la the Fretkce to the Third Edition, (^ee p. xxii) I took 
notice of a plan announcedy^’o 17/8 by Lord North to the 
House of Commons, for paying#in the ten following- years 
1 7 millions of the public debt. It is necessary I shon4d 
here just mention, that th^s plan was never afterwards 
%hear(i.,qf.—The remarks I have made upon it, were 
followed with a proixrsal for expediting a plan of redemp- 
t4;«i in such a manner, as to cause an appropriation of a 
milliin per ami. to discharge, in forty yearsy' a hundred 
millions of the public; debts then bearing .tjjOcr rent, jn- 
terest. This proposal has not been continued in this Edi¬ 
tion, because I intend soon to lay before the piibli? a plan 
more efheient, and better adapted to the present state of 
our funds. I must, however, observe that, having novv no 
ho[)c that an efficient plan of redemption wilt ever be esta- 
blished, I think with regret of the time and attention 1 
have bestowed on this subject. Nothing relieves me, but 
the reflection that the object about which I have lost my 
time, has been the rer»oval of an ej’il which, if no such 
measures as I have proposed are adopted, must bring on a 
entadrophe which will make this country a warning and a 
terror to the world. 

At the end of the chapter on public credit I have, in 
this I'idition, inserted a brief history of the Sinking fund 
and also a particular aedbunt of the increase of thr; public 
debts from 177 ^ to 1783.'^ and of the state of our finances 
at tlie.tiuie of signing the Preliminaries oT peace in January 
last.' 'I'his account is, I believe, as correct ai it is possible, 
at present to make it; and 1 have chosen for many reasons 

« l-ljis accuUDt wn” omitted by Dr. Piin^in (lie 5ih F.tii«i(^r,, but 
T endeavoiire.l lu supply tlie (Udicicncy in tin* rixtfi Kdit'on tir 
fi' .n;(in; ainonnt of tlie piiblii. debts In ITRC, ;ind aliu at the tTme'% 
'i.in.n- the Itetinitive Treaty of Pe.are in April, 180;’, (p. 337, 

^ .a Vi. 

; e *tatrinen(i rrerc omilt' d by the autbair ia tbf fifth edition.—-^1. 

' c that 
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that it sliould fortn a part of t’lis work^'^ft'ereaftcr, pro¬ 
bably, it will be read with amazement. Our folly, in this 
inscance, is without example. Lord North enjoys the 
singular distinction of having'contributed more to it than 
any former minister, a war which has degraded the 
kingdom, and a dissipation of treasure which was never 
equalled, he has, in the shArt edmpass of seven years, 
doubled a debt before too heavy to be endured. And let 
future generations rise up; and, if possible, let theihtall 
him —Blesscdfi 

Niitin^^ton-Grn'n, March'ZOf 1783. 

c Dr. IVkc lived to witness the profusion of the last t**D ycars^* 
he would probably have moderated the acverity of this censure—Th^ 
debt w’ ich appalled him, when it amounted to i?30 millions, has lately 
swollen to the enormous m iss of 540 mill uuks, f and the yearly oxjicii* 
diturc of a pcace-establisliinent which he considered as insupportable at 
16 millions, w ill ifr future require an annual taxation of more than 34 
millions!—Ine paper-circulation which he so justly deplored when lie 
first published tliis work, appears to have been then only in its infancy j 
It has now completely iruindated the country. The coin has disappeared, 
and the Bank, for whose c icdit he was so apprehensive, has for many 
years ceased to pay its notes in specie. Tne American war, which he 
regarded as so injurious and disgiacefui to the kingdom, has been suc¬ 
ceeded by another infinitely more ruinous, and more degrading in 
consequences. Had he therefore lived to w itness these, and a long traiu 
of other calamities w hich are too dccplv fel( to nerd tlic recital of them 
—had he lived to behold the Man, during whose administration tliey 
were p'^oduced, retiring from office in tiiumph, and congratulatingtlie 
nation ou the envied state of prosperity' lO which it had been lately 
exaUed, he would have changed the object of his resentment, and ac¬ 
knowledged that Loxi Ko^ih had long lost the distioctioii assigned to 
him in this preface,—M. 

» This was w ritten in 1803. 

Sre page 338 in this Voluue. 
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The following invaluable work is one of the fruits of a 
life which was uniformly devoted to studious enquiry, and 
to the promotion of the best interests of mankind.’ The 
motives that first led the author to engage in these labours 
were the most humane and honourable, and he considered 
the success that attended them as the highest rfiward and 
gratification he could enjoy. Even in preparing his notes 
for the former edition, which unfortunately were never 
completed, he mentiorfe his life as "then drawing near its 
close, but that he had reason to reflect with satisfaction 
on the time which he had employed in those pursuits. 

The different Prefaces which have been affixed to th« 
several editions published by the Author himself, rehder it 
unnecessary to enter minutely into the origin and progress 
of this work. But it may not be improper to observe, th^t 
the advice and instruction which coptained could not 
possibly have been communicated at a more seasonable op¬ 
portunity, than at the time of its first publicafion in 17.69. 
—^The various Societies for the bijnefit af age and widow's 
which/'ere then continually rising up to allure ^nd to*de» 
feat the hopes of the ignorant aipl disW-essed, were Become 
an object of serious concern, and if the evil had not been 
effectually opposed, it would certainly have proceeded to a 
much more alarming extent. On the first appearance, 
liowever,*of this work, the. rage far Establishing Tiew So- 

•cicties 
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cictics iinincrliatcly subsided, a partial reformation took 
piece in some of those which had been already formed, and 
in a sliort time the greater part of them, convinced of 
their mistakes, dissolved tlicnis dves. A few', indeed, per¬ 
severed in an obstinate abhcrencc to their original plans, 
but they have long since exhibited a melancholy proof of 
tlieir own folly, and of the truth and justice of the admoni¬ 
tions which had been wasted upon them. 

It w'as Dr. Price's intention to have written a new Pre¬ 
face to the former edition, in which he meant to have co'i- 
tinued his account of the state and progress of the few So¬ 
cieties which ther remained, and also to have inserted 
whatever additions and remarks he mlglit have thought 
necessary to the improvetaent of the following volumes.— 
But He died soon after the first of them was priated, and 
left o»]y a few detach)^ bints and observatbns in regard to 
the plan which he was to have adopted.—Being anxious to 
exert every effort in my power tow'ards fulfilling his inten^' 
tions, I then esdeavoured, though in a much inferior 
matwier, to pursue the method which he had pointed out 
for himself j but in the present edicion I have ventured to 
deviate from that plan, by introducing the remarks wliich 
1 had formerly inserted in the preface, together with some 
■dditional observations, in the form of notes to the differ¬ 
ent chapters which treat of those Societies. 

Besides the peculiar satisfaction which he derived from 
tjjis work as having been instrumental in doing much 
good. Dr. Price }vas accustomed to reflect on it with 
pleasure, as it contained, in his opinion, many improve- 
tuerits in the doctrine of Annuities and in Political 
Arithmetic.—It was his jvish therefore to have rendered it 
'as comphne as possibh'; and the great number o.'’ tables 
,)ind .aluable observaions with which he has enriched each 
edition, and particularly the fourth, are aproof of his zeal 
and success an accomplishing this purpose.—To the fifth 
(Edition a new table was added of the values of two joint 
lives, computed unaer his direction from the probabilities 

a of 
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of life at Northampton, reckoning interest of money at G 
per cent, and also three other tables of the values of sii^^le 
lives, communicated and computed by myself, from the 
same table of observations at the several rates of 6, 7, and 
8 per cent, 'i'lvese I believe wefb all the Tteto tables, ex¬ 
cepting those in the Ajjpen^ix, which Dr. Price meant lo 
have added to that edition ;—nor did he seem to entertain 
^ic most remote idea of making any material alterations 
father in the an’angement or the matter of the second 
v^Kime, which he did not live to correct.—When that 
editioa was put to the press it was done in sorfe haste, and 
his other engagements prevented him. from 'attending ‘to 
the correction of it before the first two chapters were 
printed off. Had not this been the case, he meant instead 
of the present answers to the llth and l'2th questions in 
the first Chapter, to have substituted others from a pajicr 
communicated by myself to the Roi/al Siiclcty in the year 
1788 , which was honoured with tlieir approbation, and 
published in the 78th Volume of their Transactions. But 
being disappointed in this intention, he reserved what he 
had to say on the sul^cct for a note at tl)e end of the 
second •volume.—As far as relates to these questions 1 
have endeavoured to supply the deficiency. I have also 
explained some of the notes at the end of the first volume 
which appeared to me to be too concise, and have deduced 
from the real probabilities of life otlicr solutions of sudi 
Problems as had been derived from Mr. De Aloiere’.s hy¬ 
pothesis,—intending by this mean^to jjive a furtlie. proof 
that is ean seldom or ever be necessary to liave recourse to 
such an expedient in the doctrine of Annuities.—In con¬ 


sequence of a reference made by Dt. Pxice in a note at the 
end ofi^the third Chaptel*, (Vol. L) I have-inser^cd ali*tl)» 


difl'erent rules respecting the valyes oftreversions dejJttidin^ 
on survivorships between three lives, which I had »oni- 


municated to the Royal Society in the years 1781), 1781, 


1784, and 1800, and which were published in the 78di 
iBlst, S4lh, and 90th Volumes of the'Plillosophical Trans- 


actioiis. 
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actions. These, like all the other additions I have made, 
have been ke}.t separate from the work itself; so that, if 
any errors iiave been committed, they may be easily ascribed 
to the real author. 

As all the solutions in the first Chapter, except those of 
the 11th and 12th questions,^are strictly true"' according 
to any table of the probabilities of life, I do not know that 
this part of the work admitted of any other improv.“ment 
than the addition in those two questions of correct rules iki 
lieu of the approximations which iiad been taken from M'* 
Simplon's t gleet Exercises. But in regard to the sv^cond 
Chajjter, wh ch contains an account of the different So¬ 
cieties for the benefit of age and widows, the circumstance* 
and even plans of some of these have undergone such con¬ 
siderable alterations since the year 17711 ? wlien the fourth 
edition was published, that it became necessary, in this 
and the former^ edition, agreeable to the author’s own in¬ 
tention, i'' give a more accurate account of their slate. 

In the first Volume of this work^ an account is given of 
a plan for enabling the la’Donring poor to provide support 
for themselves in sickness and old age by small weekly 
savings from their wages. Sin re the first publicittion of 
this plan Dr. Fr/ce had bestowed great attention on the 
subject; .and being furnished with more inforpiation than 
he then possessed, he was enabled to compute the valuable 
Tables whielt are inserted in the Appendix.—These were 
intended to have served as the foundation of a plan to be 
cstrblished by tlie legislature, which should hold forth such 
particular encouragement to the poor as should ipduce 
them to give it the preference to those insufficient and 
erroneous plans which have been so generally adopted in 
this kingdom. ^Nothing could be more importar/ than 


a T/tr Siiluttotis of the ISlIi .and I6lh questions are true, and the rulis 
deduced from (iK-m arc sufficiently correct for any usefal purpose.— 
See Note (11) Vol I. 
b Rote page 149. 
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such a design. It,was founded on the best principles, and 
had the hapj)iest tendency to assist the poor by encouraging 
industry and saving, and by raising them above the wreteh- 
ed necessity of depending upon the parisli for subsistence 
when rendered incapable of provifling for themselves. The 
bill for establishing this plaij was brought into parliamcift 
about twelve years ago, and after having passed the House 
of Co.ntjfions was rejected by the Lords.—13ut it is to be 
^ped that this want of success will not prevent the subject 
fAai being resumed hereirfter : For its usefulness and im¬ 
portance, wlien properly understood, can h»dly fail to 
engage every Ijraneli (if tlie legislature ip its support, ltds 
observed by Dr, Pr'nc'^ tliat tiie poor’s rate in the year 
177/ amounted to .ife’l,5.T(),S04. Since that time* it has 
been doubled; and the truth seems to be, that tiic>e is a 
growing distress among the poor, occasioned most probably 
by the price of provisions having increased piorc in propor¬ 
tion than the price of labour; which renders it almost im¬ 
possible for a poor man, if he have a wife and family, to 
subsist on his wages.—’Fliis melancholy truth might be 
proved in the most con*'incing manecr from the valualdc 
infoniKUion communicated to Dr. Price by Mr. Mm'etnn 
Fill, the member for Dorsetshire, whose liumanity has 
led him to make particular entjuiries into the state of the 
poor of this Kingdom.—But it would be foreign •to my 
purpose to enter into disquisitions of this kind, tlujugli I 
cannot help observing l:®w much it is to be lamented that 
others have not been stimulated by this benevolent exam¬ 
ple to.make similar enquiries, and to interest tlu-inselves in 
adopting sucii measures as might cffeetually relieve the^ 
distresses of the labouring po(jr. By the formation of ra¬ 
tional/plans for this punpose the many wretched seffe/ney 
which have so often risen up to delude their hope? ^vould 
disappear, the indigent labourer and his family might Jheh 
look forward without anxiety to seasons of sickness and old 


age, 


• Note oaee 161. Vol.»I. 
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age, and the more wealthy enjoy the .advantage oi a re¬ 
duction in tlie enormous expence with which the parishes 
arc loaded for tlie maintenance of their poor.—It is indeed 
a great misfortune that the different parochial clubs esta¬ 
blished in this kingdom vhould in general be founded on 
sltich erroneous principles, an(^that a disposition so laudable 
in itself should not be properly directed and encouraged by 
the legislature. The funds of these Clubs have, k is tri^. 
been preserved by a late Act of Parliament from the 
predations of their treasurers. I^ut it would have been'as 
well, perhajM, if provision had been made in the same Act 
against the mrmation of such clubs or of any Society for 
the benefit of Age, Widows, &c. without hav'ing previously 
lubmifted 'their plans to some persons competent to judge 
of their efficiency.—At present they are formed from the 
crude suggestions of the most ignorant, who in order to 
procure a sufficient number of subscriptions often propose 
the most extravagant terms; so that it soon becomes a 
matter of very little consequence to the greater part of 
the subscribers whether they are robbed by their treasurer, 
jr ruined by the multitude of their claimants. But of all 
:he phantoms which are held up to entice and to.deceive 
;he public, none are more mischievous or deserve more 
*evcre reprehension than the Tontines which have lately 
prevailed so much in every part of this country. By these, 
wliile the adventurer is flattered with the extravagant hope 
of making his fortune in a short period and at a small ex- 
pertce, the worst spirit of gambling and idle speculatioa 
is called forth, andall'those baneful effects which are pro¬ 
duced by a State Lottery in London are extended to the 
remotest corners of the Kingdom. Is it not then a matter 
«*f serious concern that this niischI«vous spirit should derive 
sanotio.i and encouragement from those who ought to exert 
everjj effort in opposing it ? The annual establishment of a 
btaie Lotteiy is now regidarly enumerated among the ways 
and noeans of the Minister; but of all the wretched mea¬ 
sures of finance which have lately been adopted, it is im¬ 
possible 
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possible to imagiiwkcme so unprcjfitaWe to government, «nd 
at tbe same time so deleterious in its consequences to the 
public. Wretched must be the condition of that country 
Tvliere tb: morals of the peopfe arc sacrif ced to tlie interests 
of the revenue, and where the ^blic exigencies are pro. 
rided for by the pemicjbus pssistence of such expedients’. 
'While the worst passions of the human mind are thus 
i^td.erishcd and maintained by those wito ought to exert 
4 iir power in suppressing them, we may indeed lament 
t!^ •q^ischievous consequences, but it will be of little avail 
to oppose titem by the sober efforts of reasojf and argu¬ 
ment. 


It was Dr. Pnce\s intentibn, as appears from some re- 
ferences in the former edition, to have continued his ac¬ 
count of the public revenue and expenditure to the begin¬ 
ning of the year 1791.—He had also proposed to have 
published the three plaus for paying.otr the national debt, 
wliich p'cre communicated tiy him to Mr,'Fill in conse¬ 
quence of an application having Ireen made to him for his 
opinion and advice on that subject.—One of these plans 
was adapted by tlie minister without the slightest acknow¬ 
ledgment, and now forms the foundation of an Act for re¬ 
ducing the public debt.^'hich was established by tlie legis¬ 
lature in 17 ^h, and contributed more than any other iveft- 
sure raise th« credit of the la\e ATlunnistration. la 
order as far as lay in my power to fulfil the.intentions of 
Dr. Price, I have in the first Volume inserted those plans, 
togeth,ir with such remarks as were aec;essary to clt^laia 
them. These formed a part of a p<t^nphlet pflhli.Jied by 
myself on tlie subject in tbeyeai^ 17 ' which having he«j 
long out of print, I thought so mucli at least of it might be 
pre.served in this work, as would tend to illustrate the cop- 
duct of h Minister, wJto, whatever may be his pietensions 
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in other respects, does not appear to iaclude gratitude in 
the list of his virtues.—At the conclusion of thes(; remarks 
1 Jiavc also added an account of the National Debt ;—not 
indeed at the period to whicli Dr. Price intended to have 
brought it, for that wouW have given a very imperfect idea 
<Jf its amount, but to the end of the ye.ar 1801; from which 
it will be scon how feeble the operations of the best plans 
must have proved against the accelerated accumulations 
the last ten years. e 

But the chief alterations in this edition will be found an 
the arraJig^?eni of the work. All that related to the same 
subject I have endeavoured, as frr a ' circumstances would 
permit, to bring together; so that some of the Chapters 
vvliicii confposod the second, now form a part of the first 
Volunie, and on tlic contrary some Chapters in the first are 
transposed into the second Volume. By this means the 
whole is rendered more methodical at least, and the reader, 
in consequence, when studying any particular subject, will 
not he interrupted, as in the former editions, by having to 
examine different parts of the work before he finds alt that 
has been written in it.on that subject. 

II ence the que.stions conccrni.ij' Reversionary payments, 
and the application of those questions to the establishment 
of Societies for the benefit of Old Age and Widows, are 
followed Ity an account of the different Societies of this 
kind now' existing in Grcat-Britain. In the next Chapter 
Is given the method of calculating' the Values of Kever- 
sIoi?5 depending on .Survivorships, which appears to have 
been w’l'iltcn chieliy wfith the view of correcting an. error 
'into which Jilr. De Mature had fallen in the solution of 
those Problems.—To these succeed an account of the 
ValueV of the renewal of leases, and a Chapter coniaining 
the nxtst expeditioue method of computing the values of 
shigV* t>ud joint lives according to any tables of observation. 
In the 5th Chapter are given Theorems for finding tlie 
difference hetween the values of Annuities payable yetirly, 
half-yearly, quarterly^ and momently j which, togctiier with 

the 
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the algebraical notes at the end of the first Volume, con¬ 
tain all that was formerly dispereed throughout the differ¬ 
ent parts of the work on the subject of Annuities and R('- 
versions. 

The National Debt seems to,be a sul)j(ct not im¬ 
mediately connected with any of the other raatfei-s of, 
which these volumes arb eo/n])osod. 'I'he 6‘th (di;(j)ter, 
/hereforc, which treats of‘public credit, the establishment 
sinking fund, the amount of the public debt, &e. is 
insirted at llie, end of the* 1st Volume, in oialor that the 
whJl^f what has been written on the expectation' of 
life, the population of the kingdom, and the nnethod of 
forming tables of observations, might he coifneeted to- 
getlicr in tlic 2d Volume. 

'I'lie dlflerent Chapters on these subjects eonstIti;te a 
great part of that Volume : and the r^miainder, excepting 
an appendix at the end contakting some eomputatiotis and 
rules for the better formation of benefit club', h, entirely 
occupied by the vast variety of Tables, which render this 
work valuable above every other publication of the same 
kind. It is necessary, however, to observe that in tlii. 
new arrangcnient not the slightest variation h;* been made 
in the text, nor has any other iinprovcincnt been intended 
liy the notes and alteration' in this edition, than to 
methodize the general plan of the woik, and as far asjws- 
■Ihle to follow Dr. P/iit’.s practice of extending and adapt 
mg the inlbrmation it eoi^'ains to the cireunistanci'' of the 
[iicseut lime. 


Zuni/ffti/, ISO'i, 


\U. MOlUiAN 
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CHAPTER I. 


Questions relating to Schemes J'or granting 
-Reversionary Amiuities, and the Value of 
Assurances on Lives. 
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QUESTION 1, 

A SET of married nie'rt enter into a 
society tor securing ,a1inmties to their wi¬ 
dows. What sum of money,’in a single 
present payment, ought every member to 
contribute, in order to entitle his widow 
to an annuity of £ 30 fyr her life, esti- 
matijig interest at »l per cent?" 


ANSWER. 

It is evident, that the value of such an 
expectation is ditFej;ent, according to the tlif- 
terent ages of the purchasers, and the pro-, 
portion of the age of the wife to that of the 
husband. Let us then suppose, tRat every , 
jierson in such a society is of the same age 
with his wife, and that one wit'ln.anolher'.gll ^ 
the members when they ente.« may be rejL- 
oned -to years of age, as many entering abave* 
this age as below it. It has been demon¬ 
strated by Mr. Lc Moivre and Mr. Simpson; 
vpL. 1, B that 
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that “ the value an antu'i'ty on the join* 
*'*continuance of any two live?, subtracted 
“ from the value of aif annuity on the life 
“ in expectation,’! gives the true present 
value of an annuity oy what niav hapj>en to 
remain of the latter of the two lives e.fter the 
- other. 

In the present case, the value of an annuity 
to be enjoyed during the ;oh?/ con/inunnc-' ;ot 
two lives, each " 40, '"is according 

fo the probabilities of life’ in the Table ot 
Obst'ov.yons I'onned !>}' iJr. 1 iallvy, from the 

bills 


» See Tj!t)leVlL Vol IL 

'I'he, values of jii'ml livi'. and reversions, as deduced 
from the Breslau- ohsorvations, ;ire not given in any part 
ot this work from Mr. IJe Motvre.s rules in his treatise on 
annuities on lives. For these rules are approximations, 
which give results sc far from flic truth, as to be, not 
only Useless, but dangerous. In tlie 4th Ch-iiagr a par¬ 
ticular account of this will he given, and aFo of ihc me¬ 
thod in which these, values have been ealeulated. 

j\Ir. Dp Moirre has calculated the values of simBe lives, 
on t!ic .supposition of an p(jiial decreiiii;)i/ oj' life ihicnigh all 
it> stages till the age of .S6, wliieli lie ciinsi'k;'.! <1 js the 
utmost [irobable extent of life. ’ 'llius, let tiicrt Oc Sfi 
persons alive at .SO years of age. It is suj>[) 0 .sed th;il one 
will (lie pverv yeat till, in 56 years, they vdll hr all dead. 
'I’lie s.iinc vvill happen to 4G at lO, in-I'i years. ' J'o .46 
at .50, in .36 years, and so on for all other ages. Tlie 
number of years yhich g given life wants of he calls 
^thckhiiitplemcmtfof that life. Fifty-six, therefore, is the 
coinhL-mmt of 30;»4G of 40, and 36 of .50. 

»' Tiii.s liypolhcsis eases Very much the laDour of calcu¬ 
lating the valiuss of lives; and at mo^t ages i/Ct^veen .30 
and 711 , m‘ 75, it is so conformable to Or. Had Tal)lc 
(Sf ()bserv.;;tioiis, that I siiall not, in th' ,c ( u.;,;ij. liiink 
it nece.ssaiy to diseingulsh betwei.m .-ingld 

■ lives 
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bills of niortalil v ik Breshir in Siler, ia. The 
value oi'a si/uric life -40 jears of age, as givbn 
by xAIr. JJcMoimr, a^-eeabJy to the same Ta¬ 
ble 


live' as deduced from jtliis Table, and tlie same values 
deduci'd fom the hypothesis. 

Ill Older l i avoid putting the reader to trouble, 1 have 
given this table among Vither tables in the x’d \ olunic. 

have also given two tables whicii f have foniied 
from the bills of mortality at i\(tythain[)l<m and Nor/ridi 
These last answer mtire nearly to Mr.’idr .lih,77('',v livpb- 
thesis tlian JDr. HuHafs tahic ; and the dill'erj^iee between 
the values of and loiii/ lires hv lnji'<iTnc\ls, and 

the same values computed sti ieilv^'lrom tlie tahlvs, is 
generally le.-s in tliese tables than m Dr. Halley's. Wlicn 
therefore, in the course of /itis work the values of sinol,- 
and /e.'/U lives are, mentioned, as given agreeably to Dr. 
IJullnf.-. t.;hle, it must be understood, tliat tliey are taken 
from the titii and 7tb tabks, and given in slriet agreement 
only to die hypothaii ; and that for this reason, they 
arc in realHy .still mor^; eonmnnablt^ to tlie Nortliampion 
and Ahr. .V// tables. . ’ 

d'l, •iobubi'ants of Loinhi/i, as is well known, not liv' 
ing so baig as the rest of mankind, the values of single 
and ysiiit iiu-s tbeie are considerably less than those just 
inentiuiicd. And, therefore, whenever 1 have had Lon- 
don lives ia view, J iiave given paiiiemar notice ,of it, 
aiut l.ea their values from Mr. S/mps^i, who has calcu¬ 
lated tliem fiotn the London tables of observation, ^ee 
the Tiildes in the 2d Volume, (o) 

{a)' Wlicn this work was first published no other tables, 
of tlie values of annuities on single and joint lives had’ 
been computed from real obsci'\'atloiis,^ than those given 
by Mr. Simpson from the very inaccura^ bills of iJfarta-; 
lity in T/»i((on. Dr. Price, thcreforjf, at that* tinje was 
under the necessity, in exemplifying his rules, of havi;«g 
recourse to Mr. De Moivre’', liypothesis. which, agreeing 
nearly with tlie Breslaw table ia the middle stages of life, 
he considered as more correct than tables deduced from 

B 2 the 
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ble, is 13.20'; aticl the former subtracted 
ffom tbc latter, leaves 3.37, or the true num¬ 
ber of years purchasei, which ought to be 
paid for any given'annuity, to be enjoyed by 
a person 40 years of provided\\t\ survives 
another person of the same age, interest being 
■reckoned at 4 per cent, per annum, d'he an¬ 
nuity, therefore, proposed in this Question' 
being ££‘30, the present value of it is 30 nlul- 
tiplied by 3.3 7, or c£l' 1 2s^. 

By calculating from Aii. Simpsons Tables' 

4i(' decrements of in ' in a large town, where they are 
always found to be nweb -yigher than among mankind in 
ceneral.—In the fourth edituk , however, nevv tables were 
given of the v'alucs of Single and Joint lives deduced 
from observations at Norlhanijitiyn, Sweden, &e. whicli 
tiavc rendered this hypothesis altogether unnecessary, and 
i"nabled us to obtain the exact values of Annuities and 
Reversions in all eai~es, instead <if those values which in 
the earlier and later periods of .life do not even approxi- 
■male to the trutii.—liut inasmuch as Dr. /bvVe chose to 
continue his original examples in the two editions which 
he published after computing the above-mentioned tables, 

I have not ventured to alter them, but have contented 
myself w'itb giving the correct values in the notes siib- 
ioined, wbieh will be found in gsneral to differ but little 
fro,ui those in the body of the work, owing to the ex¬ 
amples having fu- the most part been confined to the 
middle stages of hfe, wiicrc the hypothesis agrees nearly 
as well witlcthe iVorihampton, as it does with the Brcslaiv 
Table of observation. M. 

•^ee fable V-I.' 

?Vie. annuity liy the Northampton table is wortli 
37*7 years purchase, or j£'101 Gs. M. 

^ See T.ables X and XL Vol. II. 


formed, 
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lormed from flic bills of Imortality of Lon- 
don, this value comes out A^102, 

The difFerence in tip value of the reversion 
will be inconsiderable, whether the common 
age is taken a few jeajrs more or less than -um 
Thus married men of 30 ought not, accord¬ 
ing to»Dr. Halleys Table, to give two-tifths 
of a year’s purchase more, for any given re- 
vereionary annuity for their wives, than mar¬ 
ried men of /iO. provided they aie ot'thc same 
ages with their wives; undone quarter more, 
according to Mr. Simpsons l'abl4 „jLf the 
wives arc younger (as is gei^'r^ffTly tlu; rase) 
there will indeed be a co’isfdjerableditierence; 
for the value now •‘determined would be 
e£l20 according to the Breslau' Observa¬ 
tions, supposing the two lives to be 
and 33, or that wives are one with another 
seven years youilger than* their,husbands; 
and e£lU) Ss. according to the London Ob¬ 
servations. 


QUESTION 11. 

" Supposing such a society as that 
“ scribed in the preceding Question, to be 
“ limited to a certain number of .members,- 
“ and constantly kept up^o that number, by 
the admission of View membess as pTd tines 
“are lost, in consequence* of their’pwii 
“ deaths, and the deaths of their wwes: 
“ What is the number of annuitants which, 
5, “ 
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“ in some time after its establishment, wilt 
come to be constantly upon it?” 

ANS#RR. 

r 

Since every marriage produces ('itber a 
widow (-r widower; and since all marriage's 
taken togefher woidd producf; as many w i¬ 
dow s as widowers, w'ere every man and his 
wdt'e of the same age, and the ehance eqtia.! 
which sliall die first; it is evident, that the 
number of widow’s that have ever existed in 
the w;o<J(V. would, in this case, be equal to 
fialf\i]\e uunri>ar of marriages. And what 
would take piace.,irr .t4^e w orld, must also, on 
the same suppositions,Nake place in this so¬ 
ciety.—.—[n other words; every other per¬ 
son in such a society leaving a widow, there 
must arise from it a number of wddow’s equal 
to half its pwm mimber.—But this does not 
determine wdiat number,’’all living at orre and 
the same time, the society may expect will 
come to be constantly upon it. For if every 
widow lived no more than a j ear, the society 
would never have more annuitants upon it, 
dian came on in a year. And on the con¬ 
trary, if none f;ver died, the number of„ an¬ 
nuitants would go on increasing for ever.— 
’dis, therefore,,nece.ssary, in order to answ^er 
the^prespnt enquiry, to dhtcrminc how long 
't^e duration of hirvivorship betw een persons 
of etjual ages will be, compared w itii \\\c du¬ 
ration of marriage. And the truth is, that, 
supposing the jirobabilitics of life to doerease . 

uniformha 
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uniformly tile former isjsqual to the latter; 
and consequently, that the number of snj- 
rivo7's, or (which is the same supposing no 
second marriages) oinvidpivs and ividowers 
alive together, whicl) wall arise from any 
given set of such’ marriages constantly kept 
up, w-ill be equal ’to the whole number of 
marriages ; or half of them (tiie number of 
w'idow's in particular) equal to Ac//'the num¬ 
ber of marriages.—Now, it appears that in 
most towns the decrease in the probabilities 
of life is in fact nearly uniform. Ac co rding 
to the ii/’CA'/nnstlu' iSonrich ixyl-AorUianipto?! 
Tables of Observation, a?;vi’0^t the same num¬ 
bers die every v('ar frtfm 20 years of age to 
77^. After ttiis, indeed, fewer clie, grid the 
rate' of decrease in the probabilities of life is 
retarded. But this deviation from the hypo¬ 
thesis is inconsiderable; and its effect, in 
the present case, is io render the duration of 
survivorship longer than it wmuld otherwise 

Tliat is, suppttsintr that out of any given n’umb'cr 
alive at any age, tlie same mmiljci- will die every yoavtill 
all arc dead. See the jfil'eccding note. Th.'it on this hy¬ 
pothesis, tlie duration of Ktirvivoi’ship is equal to theiiiT- 
rution of intirriage, v.’hen the ages are ftjual; or, in other 
tvords, tliut tlie expectation of two joint lives, tlie ages 
being equal, is tlie saint with the ixpcctatton of surviyor- 
ship, may be learnt'from the l8th and, COlh rmjhlems of 
Mr. Dc Moivn-’s treatise’ on annuities; -nnd a cmmc?EtUra¬ 
tion of it, together with :i partienla» c\planatioi. yf diis^ 
iubjeet, may be, found at the beginnitig of l!ie first Ivss.-.y 
to which 1 must beg the reader to turn, if he is a\ any 
fjss about the full meaning of tvhat is liere said. 

8 SceJables V. Vlll. and XVII. Vo). II. 
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be. According to(!the Londoyf Table of Ob¬ 
servations, the numbers dying every year 
begin to grow less at ^.50 years of age; and 
from hence to ex.^reme old age, there is a 
constant retardation ip the decrease of the 
probabilities of life*’. Upon the \>dioIe, there¬ 
fore, it appears, in ansxWr to the present 
Question, “ that according to the ihree 
“ former Tables of Observations, and su[)- 
“ posing no widows to marry, the number 
encjuired after is somerrhaf greater than 
“ half number of Ihe society; but, ac- 
•• cording ^.o'^^i^Lor,do)l Table, a good deal 
gieater." 

Jt must be earefully'^emcmbercd, that this 
has been determined on the supjiosition, that 
husbands and tlu'ir \\ ivcs are of equal ages, 
and that in tliis ease it becomes an equal 
chance which shall di(' firsf. Jn reality nei¬ 
ther of these siqrposition's is just. Husbands 
in general arc older than their \\ ives; and, in 
equal ages, the mortality of males has been 
fduntl to be greater than the mortality of fe¬ 
males. For both these reasons, it is much 
Tn(,]re than an erped chance that the husband 
will die before his wife, or tliat tirewoman 
shall be the survivor of a marriage, and not 
the man. This wjH increase considerably 
fhc*'tiurgtionc of survivorsdrip on the part of 

the reason of this diiTcrence between the London 
and otiier Tables, will be given at the end of the se¬ 
cond Essay y- 


the 
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the woman, cfnd consequently the nnmher 
enquired after in this Question. 'J’lie rnai- 
riage of widows will also diminish this num¬ 
ber, and the operation of, these causes wilJ 
be dilferent in differerJt situations. But it is 
by no means to be expected (in the situation 
of the societies I have in view) that tlie di¬ 
minution from tlie latter cause w dl be con¬ 
siderable enough to overbalance the o])era- 
tion of all the other causes which liavc been 
mentioned, and'reduce the number under 
consideration so low, as half the^e^uuiber ot 
marriages'. 


S C H O n I U M. 

In London it appears, that there is a re¬ 
tardation of the decrease in the probabilities 
of life, which renders the duration of survi¬ 
vorship between t\vo lives equal agi's, con¬ 
siderably longer than their joint continuance. 
It seems w orth obsei-ving, that this is the 
reason wdiy, though the probabilities of life, 
and therefore the values of single and joint 
lives, are less in L-ondon than in (Uher places,'' 
yet tlie values of reversions depending on sju’- 
vivorships, arc in some cases'greater there. 
It is proper to add, that this likevf ise is the 
reason why, in ealculating the, valuc ^ of J oint 
lives and reversions, the present value o^' au 
annuity payable yearly t® thd survivor of>twt> 


■ It will !)e observed- hereafter, tliat thl^ observation 
. has been found to be true in fact.. 
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equal lives, may ci^me out equal to, or even 
greater than, the present value of a like an¬ 
nuity for the joint lives. As an annuity, 
duriiig such survivorship, will probably not 
become paA'able for some yc'ars, and there¬ 
fore the money given for it will have time 
to aeeumulale, it is manilest, that tljc value 
of it could nt'ver he equal^ to the value of an 
annuity on the joint lives, the payment of 
which begin*'- immediately, were not the ob¬ 
servation now blade true. 

'^I^ESTIOX 111. 

Such a socief>'~>i^ that describi'd in llic 
" preceding Questions^ being supposed; in 
“ what -time ^^'ill the number of annuitants 
“ upon it come to a maximiirn V" 

A N S W t: Rt 

In order to be more clear in answering this 
Question, 1 will first suppose tlie society to 
comprehend in it from its first establishment, 
all the married persons of all ages in any town 
Of country, vdiere the number of people con¬ 
tinue constantly tlie same. In this case, the 
whole collective body of members will be at 
their greatest age at the time of the establisli- 
ment o£ the ^society; and the number of 
meIri^)erf, together with the number of wi¬ 
dows* left every year^ will, taking one year 
witlf another, admit of no increase or dimi¬ 
nution. The number of widows in life to¬ 
gether, d/; rived from any given number com- 
1 ' iug 
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ing on a pociett every year^ will increase con¬ 
tinually, till as many die od' as are added 
every year; tluit is till they come to die off 
as fast as possible. Bi|t they cannot die off 
as fast as possible, tilli* the whole eoiiectivc, 
‘body of V. :d(»\vs are at their greatest age: or, 
till (here is rwnone: them the greatest number 
•possihle of tlie oldest widows; and, therefore, 
not fill there has Ixvm tiine for an ac¬ 
cession to the Oldest widows, from the 
youngest part of the widows'tiiat come on 
annually. 

i.et us. for the sake of gt;oc,.ter prccision,- 
divide th<' whole mediu/S'.’of widows that 
come 0)1 eviTv yea.r, into dijicrciit classes ac¬ 
cording to tiieir ditTeiaait ages, and .suppose 
some to be left at 5(i jwairs of age, some at 16, 
some at 3(), and some at the widows, 
constantly iii life io<iCther, derived from the 
first class, will come to tludr pgeatest age, 
and to a nuixiimun, in years, suppositig, 
with Mr. Dc Moivtc, 8f) to be th.e utmost 
extent of life. The same will liajipen to the 
second class in 40.,years, and to the third in' 
f>0 years f But the whole body, composed 
of these classes, will not cotne to a maxi- 
n/uin, till the same happens to the-fourth or- 
youngest class; that is, not till the end of 
ho years. After this, the atlairs of tlic, society, 

'' In note (A), at the end of the 2rl Voinrtie, a rllle is 
given by which the numbers alive at the etjd of any par¬ 
ticular number of years may be very easily deu-rmined. 

will 
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will become sfaii^man/, and vhe number of 
apnuitants upon it of all ages will keep 
always nearly the same. 

Siicli is the answer to this Question, sup¬ 
posing a society to begin 'witli its complete* 
number of members, consisting of married 
persons of all ages, in the same proportion to 
one another, with the proportions in which 

they exist in the world.-If it begins witli 

its complete number of members, but at the 
sainc. linl'' admits none above a particular 
age: If ibt^instance, it begins with l;oo 
members all un^(h',4o, and afterwards limits 
itself to this number, &nd keeps it up by ad¬ 
mitting, every year, at all ages between 26 
and 50, new members as old ones drop olF; 
in this case, the period necessary to bring on 
the maximum of ■annuitant's will be just dou¬ 
bled. For, in the first place, the w hole col¬ 
lective body of members will be Go years in 
getting to their greatest age, as may easily 
ajipear from what has been just said. The 
.'annual medium of widoevs therefore, that 
wijl come on the society w ill increase con¬ 
tinually for Go years; it being evident, that 
the older any set of married men arc, taken 
one with another, the taster they will leave 
Y*idiirwSj Anti after this'annual medium is 
^tnereused to a nlaxiiiuim, Go years more will 
be necessary to bring to a maximum the num¬ 
ber in life together, derived from such vl fixed 

ahnual ipGdium constantly coming on.i-If, 

such 
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such a society is any numlrjiu- of years in gain¬ 
ing its maximutu of members, the time nr- 
nessary to bringon the,niaafew/n//of annuitants 
will be still further Aroh^nged, and will be 
equal to twice Ooyeare with that number of 
years added.—Most^of the societies for grant¬ 
ing annuities to widows are of this kind: 
and, therefore, supposing them to gain their 
complete number of members in ten years, 
and for ever afterwards to preserve i'. the 
number of annuitants xipon tliem v ill go oh 
increasing for 130 years—It is prrq^cr;,,how¬ 
ever, to be remembered, ttyif the inerxease 
will be quicker at first, and afterwards slower; 
and that, within 20 or 30 years^of the end 
of this term, it will be so slow as scarcely to 
be sensible, though still real. 

All who will bestow due attention on this 
subject must see ’these decisions to be just; 
and a demonstration of them might be given, 
in a form more strictly mathematical, were 
it necessary. 


QUF.STION IV. 

“ Suppose the members of such a society 
“ as .that described in the preceding Qiies- 
tions, to chuse making annual '[mynients' 
" during the continuance s>f mnrriap a ,in l ieu 
“ of the sum which the reversionary tnfTTSity# 
“for their vvidoves is v\»orth in 
“ ney : What ought these annual payments 
“ to be, estimating interest at 4 per cent F 


.ANSWER, 
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Answer. 

• Tills will be easily determined, by finding 
what animal payinent^i, during tv> ojoint lives 
of given ages, ai’C equivalent to tlie value of 
'the reversionai V annuity i i /)?Tsej/t monei/.-— 
Suppose, as bn Question 1. <!ie two joint lives 
lo be each 4 i, and the reversionary annuit y 
per annum. An annual payment during 
the continuanee of two such lives is worth, 
according to Dr. Hallej/s Table of Observa¬ 
tions, 9 82‘ years purchase. The annual 
payiirent Ten ought to be such as being mul¬ 
tiplied by 9-82, will produce'" o6’l01 .J, tlie 
present value oi'ttle annuity in one payment 
by Q,uesti<>n 1. Divide then ..T'lOI.l by 
9 . 82 , cfnd the quotient, or ,^£.’10.3 will be the 

answer.-This is very nearly the annual 

payment of all the members at an average, 
supposing equal ‘'numbers to offer themselves 
for admission of every age between 30 and 
£ 0 . As much as some give les.s, others 

‘ dee Table VII. Vol. II. 

“ Particular notice sliould 1)(“ taken of the inctliod of 
notation here used, because it will be carried tlirough (he 

whole of this work.-The fixates f)n the litiiit lyind of 

the full-pouit signify the decimal parts of ^i'i. 'rhu.<s; 
..i’101.1, is lOi and the 10th of .^^'1 or ,i l01 and 2s.— 
.g'!), and SSth hundredtlis of :i ! or .idt) 7'''- 
l.all, is and 33 hundredths of £'l 

pr jiSil G.v. 7(/.— i-in f^yneral; it siiould be remembered, 
that, 2 shillings allowed for every unit in lh<'. iirst place 
of decimals, and two-pcncc lialf-peony for every unit in 
the second .y'.uce of decimals, will give, nearly enough, 
die value fcl the dcciraf^Q)art of every sucli e-xpretsion. 

ought 
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ought to give* more, accoj-ding to their ex¬ 
cess of age. Thus, the annual payment of 
a married person, 30 jeaj|s of age, ought to 
be ^£ 9 . 39 ; and of a jperspn .50 years of age, 

i£l 1.33-If the vmues of joint lives and' 

of the reversionary annuity an' taken agree¬ 
ably to the luondo'n Table of Observations, 
these annual pajinents will be, for 3o years 
of age.£?10.9—for 40, ^£l2.6 —for .50, 

X14.5. 

. If either the rate or interest is supposed 
lower, or wives are supposed yonogt^r. than 
tlieir husbands, the annual payments wi|l be 
increased. Jlut there is no occasion for point¬ 
ing out particidarly the didereuce. It may 
be easily tbund in any cases by the divections 
now given, ^rhere is, however, one obser¬ 
vation u hich ought to be here carefully at¬ 
tended to.—This fnethod of ealcujation sup¬ 
poses,. that the lirsf annual payment is not 

" Tliese payiiH'iits Ity the Northampton Table are 
i‘9,19 and ,£’’il.82 re.'.pectivcly. M. 

" The value of two joint lives of 30, taken from Tahle.^ 
XII. Vol. II. is 9.G. 'iliis subtracted from the value of 
tlie life in expectation, or from 1.3.1, by Table XI. 
gives 3.5, tlie number of years purchase which an an¬ 
nuity for a life of 30 years of age, after aijother life of; 
the same agig is worth. This remainder, multiplied' by 
30, gives jt 105, the value in a sitigle pri^^ment^'. 4 j^sirig 
the reversioiiaiy annuity to he si 30. And 1(^ flwided 
by 9.6‘, gives .i’Uhtf, the valiie^ of t?ie same annuity itiS 
annual paymems, dining the joint eonlinuance of the, two 
lives, according to the Lv/uLui obsenations.—By similar 
operations all the oil.;'!' values above gimt have been 
.found. 


to 



Questions concerning 


j6 

to be made till thf end of a ybar. If it is to 
bt made i/ninc(/ia/e/g, the value of tlie joint 
lives will be inerJased one year’s purchase; 
and, therefon', in«ord/r to find in tins case 
"the annual ])aym('nts icquircd the value in 
present money found by Quest. I. must be 
divided by the value of the joint lr.es in¬ 
creased by unity, and, in this way, the pre¬ 
ceding values at t per cent, according to the 
Observations, will be found to be 
J£'h.()2— ,±.().or> —rX’ 10.07 —According to 
the L Observations, 1 o,— Ji 11.2,— 

i£l2.7. 

QUESTION V. 

“ A "society may cliusc to make abate,- 
" merits in these annual payments, and to 
“ require the remainder of the value of the 
“ reversioKary annuity fo be given, in fines 
or jircmiuras, at the time of admission. It 
“ mav, for instance, chuse to fix the annual 
“ pajunents of all the members to 5 guineas. 

“ What, in this case, would be the premium 
'■ due at admission, the annuity being sup- 
“ posed X.’30 per anniun, and interest being 
at 4 per cent f' 

ANSWER. 

‘ iRnonl the wb.olc present value of the an¬ 
nuity in one payment, subtract the value of 

• P By xlif/’iitortiianiplon Tabic, X8.-t5, rfti.SC, and 
X10.5. M. 

5 guineas 
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v") guineas per*annum , during the joint lives; 
atul tlic remainder will be the answer. 

Supposing the joipt Irv'cs both -to, the 
wlu/le present value\of the annuity in one 
payment is, according’to the /hvc/rt/e Obser¬ 
vations, by Quest. I. —'I'he value 

ot 5 guineas per annum, or ot per 

annum, during t\t'o such Joint lives, is 
multi{)licd by the vahle of tlie joint 
lives: that is, 5.2r), multiplied by 9-82, or 
jCc, 1.55; and thfs subtracted 5Vom o I. l’ 
gives c£' 1().55, the answer required fpr two 
lives at the age of 4o. Tlv' ansAver found 
in the same way for two Iwcs whose com¬ 
mon age is 30, is ,s^46.5,—arjd for two 
lives at 5o, ^£.'50'5. 

According to the London Obsen^ations, 
these values are, for two lives, at 30, 
i£54.().—At 40, oA’59i4.—At 50,.e£63.3. 

Jf tlic first of the annual payments is to be 
made immediately, the true answer will, ir,. 
every instance, be the values found in .the 
manner now directed, diminished by the an¬ 
nual payment; oi> in the present case, 5 
guineas less than the values specified. 

Thp values, in sing/e and annual pay¬ 
ments, of any other reversionary annuity, wijl 
be as much greater or less than ^iese,^^s. the 
annuity itself is greater or less. 


1 These three values hy llie N'irtharnplon Table are 
49 . 75 , ^'44.G5 and otAVOfi. M. 
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QUfiSTION VL 

^ A person 35 \ears of age wants to buy 
“ an annuity, for What may happen to rc‘- 
" main of liis life after 50 years of age. 
What is the value' of such an annuity in 
rcadij money, and also in amnuil f aymenfs,. 
“tin he attains to the said age; tiiat' is, in 
“annual payments tor !5 ytairs, sifbject in 
“ 1 !k‘ mean lime to failure, should his life 
"• lail 

A N S. IV ll 

'J'he nnV-ent value of such an annuiti" i'' 

i 

t!ie'/>/xv;e/ft vah 4 (; ol a life at 50, in mom'} to 
Lc rec('ived 1 5 yt'ars hence, and the payment 
of which d.'j)C!ids on the (mntingeney ot'tlie 
ctmtinuance of the given life 15 }ears. That 
is; it is equal to the value of a life at 5(n 
multiplied by the present yalue of to b(' 
j-ecei\ (Hl dt the end of '5 3 ears, and also lyv 
the probability that the given life will con¬ 
tinue so long.—A life at 50, according to 
Mr. De Moivres valuation of lives, aial 
retltoning interest at 4 per cent, is worth 
J1.34 years purchase. The present value 
of ,.C\ to be received at the end of 15 years. 
i.s, by 'i'able I. Vol. 11. 0 . 5553 . And tlu' 
probability that a life at 35, will contiime 15 
ycrH-y'b^, accerdinjf to the Breslaw Observa- 
Tiops -fg o’'- And these three values, multi¬ 
plied 

’■ The prtAtibillty tliat a given life shall continue any 
number of years, or ••each a given age, is (as is wel' 

(know'll/ 
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plied by one another, g^ve 4.44, or tlie 
number of } ('ars purchaseltbat ought to be 
given for the annuity.— 'rlie annuity then 
being supposed its*value in present 

money is dfJ- 2 ‘ 22 . . 

In order to iind ),his value in aiiyituil paij- 
wliile tlie given life is attaining 5o, 
'it is necessary to find the value of an annuity 
for la vears, subject to failure on the ex- 
tineti(in of tlie eiven life. And tlie value of 
siK'h annuitv is, evldentl^, the last value 
hubtiau'ted from the value of the given life; 
or, in the present instance,- c:£’l.44, stib- 
tracted from (!^ee 'Table VL 

V'ol. II.) that is, ,,^" 9 . 53 .— s£?,22 then, 

lieingthe present value of an annuity ot ^£,50 
for the remainder of a life now 3.5, after at¬ 
taining 5u; and 9.53 being the number of 

known) ttie fraction, wluxc mnnerator the miinber of 
tlie li'ing in any 4'able of Oiiseioitious ojn)o-.ite to tlie 
^iven age and dcnonii/ialor, the number opposite to tlic 
jiresent age of the given life. TIius, in the pie‘:ent’in- 
stanee ; .-iAG is the nunibcr in Dr. HaLleifi 'table ojiyio- 
site to .50, and dOO the laumber oppo.site to 3.5. , 0 .'' 

the odds of \^ to 7) b) therefore, tlie probability that ■* 
person whose age is 85 shall attain to 50, or live 15 year-^. 
In the same manner it will appear, that, according to the 
•aine 'fable, the probability that a person at this age shall 
live 25 years, is or nearly an fven chance. ^ , 

At Norwich and Norlhaifiplon a person tlie .sa^^&e, 
has an even chance of living 2G yeari; hut in Loro'^>!, 
scarcely 20 years. Sec 'fables V.* Vlll. IX. and XVdi. 
at the beginning of Vol. II. I will add, thouglt foreign 
to my pre.sent purpose, that a person at the i,imc age has 
in these towns a better chance of li\ing one veai, than 
’in the proportion of 3toi 
C 2 
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years purchase, 'hich ought to be given for 
an annual payme>nt to last 15 years, if a life 
now 35 lifsts so long, it follows that the 
value of the saitie r.iinuity in annual pay¬ 
ments, till this life attains 50, is J1222 di¬ 
vided by 9.53 ; or ^23.3. 

This calculation supposes, that the first of 
the annual payments is not to be made till 
the end of a year. If the first payment is 
made immediately, the value will he, the 
single pai/ment divided by the value of the life 
for the given term increased by unity^; that 
is, in the present case, £222 divided bs 
10.53; or .£ 21.08 y 

If the value of the annuity' is required in 
a single payment, over and above any given 
annual pa\ iiieiil; deduct the value ot the an¬ 
nual payment from the whole value in a sin¬ 
gle present payment, and the remainder will 
be the answer.—Thus, let 5 guineas; in the 
present instance, be the given annual pay¬ 
ment for the assigned term ; and let the cn- 

’ It nevtr happens that the annual payments arc made 
jn this manner—Tlie usual, indeed tlie invariable method 
is, to advance the first payment immediately, and the re - 
maining ones at the bcginnifig of each of the followint; 
years ; so'that the number of payments shall be equal to 
ilie number of years.—The single payment therefore 
oul^y^to be divided by the vidue of the life for one ycin 
tmn the given term increased by unity ; hence ^‘22'1 
Ilf the present ease, instead of being divided by .^lO-So, 
should be divided by J^?10,18, (or the value of the life 
lor 14 years, increased by unity,) and consequently the 
annual payinont will be .i'21.8, which agrees nearly with 
the same paymen't founyl by the Northampton Table. 51. 

quiry 

1 
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quiry be, liow much moreijn present money 
the supposed annuity is K\"orth. By whiit 
has been just said, 9.53,1 multiplied by 5 
guineas, that is, ,^5<p is» the value of the 
annual paymentand this sum deducted 
from .:£,'222, leaves^1/2 the answer. 

It the annual payment begins immediately, 
its value is 10.53, pmltiplied by 5 guineas, 
and the answer comes out 75 '. 

In this way may be found'tlie value, iri 
single and annual payments, of a‘ny other 
annuity, payable to an assigned life, after a 
givcm term (4 years, taking tiny valuation of 
lives or interest of money. But, care must 
be taken to remember, that it is the •title to 
the annuity that will commence at the end 
ot' the given term, and that the first payment 
is not to be made yill a year afterwards; 
that is, in the case here specified, not till 
the end of 16 years. 

SC II O LI UM. 

The value of the remainder of two joint 
lives, after a given term of years, is likewise 
the value of due at the end of the given 
term multiplied by the value of two joi.nt' 
lives, each older by the g.ivcn f^rm tb^ 
given lives; and this product, multipii^ by* 

'■ If the payments are confined to ,the beginning of 
cacli year, (See note, jjage 20 5 guineas^hould be mul¬ 
tiplied into 10.18, and tlic answer will then be jf 108.55. • 

M. 
the 


o 
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the probab'hty, th;^ t the 2 ;ivcn joint li\es shall 
not fail in the givhn term ; or (whirl) is the- 
same) by the proVlnct of the two prnh:ibili- 
ties, that the .sin<;i’e li|!ms siiall each continne 
the'given term. And the vahii' of an an¬ 
nuity, on any given joint lives for a term ot 
years bee'inninjr now, is tliis hist value sub- 

*' f J O 

traded from the wliole pres('nt value of llu^ 
joint lives, ddnis; the Aalue of two joint 
Jives, one Aears of age', and the other 50, 
(see Table \'ll. \'ol. li.) is 8.C)l ; A\iuelt, 
multiplied by 0 . 6755 , the value of ,_£’l due 
10 years hence, and by f " f (the probability 
that a life at *30 shall continue to years) 
and also b}'f , (the probability that a life 
at 4 0 shall contimie 10 yeans) give 3.()2, the 
pre.^ent value of the remainder of two joint 
Ih.' , agod 30 and 40, after 10 years; and 
this value, subs'tracted.from 10.4 3, (the va¬ 
lue in ddble VI1. ibid, of two joint lives, 
aged 30 and 4 o) leaves 6.51, their value for 
JO years. 

As the value of the longest of two lives is 
always the value of the Joini lives, sub¬ 
tracted from the sum of the values of the 
two single lives; their value also for any 
giren term, is the A'aluc of the joint lives 
for^^fcs .givep term, .subtv.acted from lh(' sum 
ofj.he^vahies 0 / the single lives for the given 
term. 

ITc truth* of these rules may easily ap¬ 
pear without particular ])roof. I have, 
however, poinfed .out the method" of de- 

mon.strating 
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Monslrating them in a riate'' at the end of 
this work. 

-0} similar operations, imay be toimd the 
values of three or nulre joint lives, or the 
hyigcst of ////re or niorc lives, for a given 
term ot years, or pf vviiat shall reiiuiiii of 
fh/'in aftia’a ew en term /u’ s ears. 

O 

qui:stio\ Vi I, 

1 'he present value is naji/ired of an an- 
■' unity to he enioyed by one litc, ibr what 
“ may happen to remain ot' it heyotul an- 
other life, aft' r a gh'ou !('rm : that is, 
“ provided holh lives eouhnue, Irom the 
“ present time, to the end ot' a,given term 
“ of years ?” 


A K S \V E R. 

Find the value qf the annuity for two 
lives greater, by the given tmau of y/airs, 
than the given lives. J)iscount this value 
for th(' given term ; and then, imilLi|)ly by 
t!ie probabiiitv, that the two given lives 
shall hath eontinue the given term ; and the 
produet will be the answer. 

EXAM RLE. 

Let the two live§ be eaeh 
.seven years. The annuitv r>L’lo. I flUrt'st 

i per rent. -llie given lives, increa^ecFby 

7 years, become each 37. value of twe 


*" See note (B) at the endpf* Vol. II. 

joint 
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2 4 

joint lives each 3*/, is (by Table YII. YoL 
1,1.) 10.25. Tlie jvahic of a single life at 
37 , is (by Tablj; Yl. ibid.) 13.6/. The 
former, subtracte(l from the latter, is 3.-42, 
or the value ot an anfiuity for the life of a 
person 37 years of age, after another of the 
.same age, by Quest. I.—3.-12 discountjcl for 
7 years, (that is, multiplied by 0 . 76 , llic 
A'alue of due at the end of seven years 
by Table I. Yol. II.) is 2 . 6 .—The jU'oba- 
bility that a skigle life at 3 o shall conunne 7 
}'ears, is ,.(by the hypothesis explained page 
2 :) The probability, therefore, that 

two 


’'In this cafie, it is on some accounts best, as well ns 
f to take the'{)rol);;l)ililies fd life froin the hvpo- 

tl'csis, rather than immediately from the Tables.—I'lity- 
six persons being supposed alive at 30, one will die (n ciy 
year, according to thy hvpothcMs.* At the end of sevt n 
years then, fiie number of the.-living will lie 4'.), and 
or the odds f)f "J {o ], is, by note, p. IS, the probability, 
that a life, aged 30, will continue 7 years; and this frac¬ 
tion,' in\ihiplied by itself, is the probability, that two 
Iwes of this age shall /o//; continue 7 years. In general, 
it mpst be rcmettihcred, fliat the probtdjility, that any trvo 
“or more events shall all liajipeik, is the product arising 
■from multiplying by one another, the probabilities of .all 
the events taken separately. The probability, therefore, 
that any number of persons will all live any given time, 
i- lightly found by multiplying into one another the pro¬ 
babilities that each of tltcm will live that tiipe. It may 
fuvthwr ^ *- of use- to some, thaP" I should observe here, 
4 luttjih^difference,between unity and the fraction ex- 
prcss'.ng the probability that an event will happen, gives 
the |)robability that it will jiot happen. Thus; the pro¬ 
bability, that a ]:^rson dO years of age will live 11 years, 
i,s, by the Bn’sUnu Table, (or Table V. Vol. II.) 

The probability, thtirefore, that he will live *11 years,' 

is 
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two such lives sliall both continue 7 years, 
3 s A-t'> decimals 0 . 7 G 5 . And 2 .^, 

multiplied by 0 . 765 , is 1 .(jSQ, the number 
ot' years purchase w'hich caught to be given 
for an annuity, to be dnioyed bv a life now 
3o*^'ears of age. after a life of the same age, 
provided both continue 7 years. The an¬ 
nuity then being e£.’lo, its present value is 

By similar operations, it may be found, 
that suj)posing the tc'rm one- year, ami the 
ages and the rate of interest the »same, the 
present value of the same reversionary an¬ 
nuity is <^’32 4 ; and that if the term is 15 
years, the value is AjQ.7 '>. 

For two lives each 10, these* values are 
,*£i30.33 .—cA.'17.-14.—c£ 7-3, the term being 
1, 7 , or 15 years. 

For twm lives»each 50,.the same values 
for tii.e same terms,'are A^28.2 —h£,’l3.80— 
^i.34^ 

These values, according to the London 

is y siibtmoti'd from unity or -yp In like niauner: 
*J'hc probability that persons a£!;ctl 30 shall lo/ii live 
7 years, !)(hng O.yCo, the probability that they will rze? 
both lire so long, or that onc or otlu-r oi' them will die in 
7 yea^, is 0.705 subtracted honi unity, or .2.15. 

If any reader is uiiwiUing'to take these Assertions, for' 
granted, he should consult th<i beginning of Mr. Do 
Mou'ie’.':, or Mr. Simpson’s Treatises oii the of 

Chances, where he will find them dctsonsirated. 

y By the Nurlhavtplott Tabl*e )0.03, and th'e six 
following values by the same Table HrtYtb'Sl .01, .i^T7.S0, 
Stlsw, £'28m, .TM.3, and £A.G‘\. M. 

‘ Sf’CfSiotc (C) at the end of Vol.II. 


Observations 



co 


Qi/csium/y conce'niing 


Observations and|iMr. Stmpson's Tables of 
the values (Tsinglf and joint lives, are, 

For 2 lives at sol—/.32.05—/.I 8.(32—/.7.6(3. 

at 40-^—/.30.7 —/. 13.(1 —/..3.43. 
at 30—/.2g.3(l—/.I 2.33—/.3 .:m. 

QhESTIOf^ vni. 

“ I.-et the scbeinc of a societv for granting 
“ annuities to widows, be, that if a member 
“ lives a year after admission, his w idow 
“’shall be entitled to a life hnnuity of 
“ !f .serruey< ar.s, to e£,\0 more, or a£'3o in 
“ t' . \idiole. It fifteen years, to anotlier 
“ adu !o al .sflio, or ^^40 in the whole 
“ What oa ght to be the annual payments of 
“ the members for the ages of 3o, 4o, and 
“ 30, supposing them of the same ages 
“ M'ith their wives, and allowing compound 
“ interest at 4 pey cent f' 

ANSWER. 

According to the hypothesis, explained 
p. 2 ^ and, therefore, very nearly according 
lo the Tables of Observation for Breslatv 
dn-J Noririch, or I'ables Vh and VIl 1. at the 
beginning of \ ol. 11 . 

o O 

,.£’^.44; ,£s.()g; £(^05. 

< 

Ac 2 ! 2 mding fo the London Observations. 

£ c,A 1 ; .£•! 0.17; £ 10.,02 

/•' Aocordinr cu the Northampton Tabic if 8.34 i if'8.!)]; 

^ M. ' 

' 1 ,'lfese 
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'rhc?;c \ allies are easily detlceed from tlie ' 
values in the last Qni'stiln. I'br exampl*;. 
''J lie \ aliie of 10 pi-r for life to -K) 

alter 40, provided the,j(>!:»t i'vi's do not tail 
in^/'/e '.ear, is, ae.i’ordiny to {!i(‘ Jii;pol]ic/is, 
'cXao.aa. 'J'he vahie ol' -/d-lo /.'fv (i 
in tite same cin'iineiance-. is therelore 
,X<)o.(iO'. In like^ manner, llu* value of 
<-X'lo after wve// \ears, is .X'l/.-!-} And 
of <X)0 after J .S ^■ears 'idu'se values 

toe('tlier make .X'8r>.-1, or t.ne valne of the 
exjx'efation, descrified in tins Question, in 
a sni'^lc f'rcscnt poyuicnf ; which, divided by 
tiio value (by 'i'al'le .V I f. Vol. !!.) ot 
two ioint lives at - 10 , giviss ,£’8.(>(), the va¬ 
lue of tlie same expectation in aiivmilpay- 
i/ieiits, during the joint lives. In the same 
manner may be found the amswer in all cases 
to anv Questions -ui' this kind. 

"^^riiese calculations suppose, that the an¬ 
nual payments do not bi'gin till th(' end of 
a year. If they arc to Ix'gin immediuicly, the 
true annual paujuaufs will be, as w’as before 
observed, the itii/ylc pa\ meuts, divided by thT: 
A able of the joint lives increased by unitA ', 
and.in th<‘ juvsent ease they will be, by the 
fiypollu'its, 

X:.7C>\ . iCs.y; 

lb. the London Qhsevvations, 

.;£ 8.52; .-XY).0 (); X (j. 5 1 

By ^dte NvrihaihfU'jn Oh-crvalioii'^ Xd.Oiy 

£SA. M. 

% 
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By the method^ of calculaiion now ex¬ 
plained may be c isil}’ I'oiind in all cases, 
supposing the annual payments previously 
settled, what are tiie reversionary annuities 
corresponding to them in value. Thus, thf. 
annuities being the .same with tlio.sc men¬ 
tioned in this Question, the mean annual 
payments for all ages between 3o and 50, 
are nearly according to the highest pro¬ 
babilities of life ; ^9 according to the to/f- 
Cot; and 8 guineas the medium^; interest 
being at 4 per cent, and the first payment to 
be made immediately. 

If the mean annual payments, beginning 
immediately, are fixed to fiv(‘ guineas, the 
corresponding life annuities will be nearly 
{hy the hypothesis) 2, if the contributor 
lives a year, and £2 \ if he lives seven years; 
or (by the London Observaiions) dCt2 if lie 
lives a year, and cC2o if he lives sevi'ii 
years*'. 

It 

' The value of tills expectation, snfiposing marvied 
men 10 years of acte, and tlieir Wives SO, is, in a single 
paycient, ^’’113. In annual payments heginniriL^ imme¬ 
diately, .i£’l).88, by the hgputliesis. And ^£407.—and 
iyiO.yS, by |he London Observations.(f) 

(/') By the Northampton Table 16.4 and jf’10.13. 

M. 

IftliC annuities,in expectation arc £\\ provided a 
member lives a year, and < .iCA’C provided he lives seven 
years, the proper mean single payments tor all ag;es, taken 
one witii another^ ,4inder 50 or .52, is 50 truineas nearly, 
aeeording to all the 'J'ables of Observation, supposinjr 
fcjuality of a^e between men and iht ir wives. And the 

addition 
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It is observable, that the diflerence in the 
vahies of the annuities, rji'ising from differ¬ 
ence of ages and the diijrerenee in the pro¬ 
babilities of life, is less in J;his Question than 
^Question IV ; and that, consequently, the. 
})mi proposed in it, is the safest, as well as 
the most equital)le and encouraging, that a 
society can adopt. 

It is necessaiy to remark here further, that 
yearly payments v/hich begin immediately, 
are more advantageous than half-yearly pay¬ 
ments whicii bt'gin immediate!\ . ki an Essay 
published in the Phi/osophieal Transactions, 

\Ol. LXVl. p. toy, and, inserted in the 
latter part of this volume, 1 have shewm 
that in the ease of life-annuities,' half-yearly 
payments which begin at the end of half a 
year, are nearly a jifth of a year’s purchase 
better than yearly paymen4:s which begin at 
tile end of a year. ‘ And it is manifest, that 


apdition wli’uh ou,^lit to be made, on account of^ excess 
of age oil the man’s side, is, taking tlie nearest and flic 
ea'-iest lound sums, aliout a guinea and , for eveiT 
as far as 1/ years ; dr, in the annual payments, (sup¬ 
posed r> guineas) \ a guinea per amiiim for five years* e.\- 
cess,, and a guinea more for every four years excess 
beyond five years, till the excess comes to be 17 years. 
And, 1 believe, that GO guineas \\\ single payments, and six 
guineas in annval payments beginning imm^iately, may 
very well be stated as the lowest common paymswrtTproper 
to be required, suppf)slng all m;uTied*men under 52^akon 
into a society, without inquiring into the diirerence of 
age between tlicm and tlieir wives, *^be annuities being 
all along supposed to be life annuities, atid interest rccl.oned 
at 4 pee cerilt. 


half- 
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haif-year/y ]yd\ mcnis, which'begin immedi¬ 
ately, are no mo^e than half a year’s pur¬ 
chase better thann those which begin at tlic 
end of half a year. But yearly payments, 
. which begin immediately, arc a ivliolc year,.: 
purchase better tlian tlu' same ])ay merits Ho 
begin at the end of a year. The ditfercnce 
of value, thei'eforc, bi'tvNVH'n yearly and half- 
yearly payments, supposing liotli to begin 
immediately, is three tenths of a year’s pur¬ 
chase'in favour of tin' former. 'The whole 
of this ;.u!'j<'ct may be seen accurately stated 
in the essa\' just referred to. 

Qt JhSTION IX. 

The value is required of an annuity to 
be enjoyed for what may happen to rc- 
main of one lil'e after another, jiiovided 
“ the life in evixt'etation c'bntinues a given 
“ time ?” 

A X s \v t; u. 

I'ind by Question VI. tlie present value of 
•file annuity for the remainder of the life in 
expectation, after the given time, andmuiti- 
ply this value by the probaliility, that,the 
other hie ehail fail within that time. Find 
also ])y Question V11. the value of tiic rever- 
.sipn, ‘^nvided both lives continue the given 
tinu?;' Add these vahies to one another, and 
ilie tann will be/he ansvA er in a single present 
payment. 
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EXAMPLE. 

An annuity of sL ! o for jiiu' life of a person 
now 30, is to commence,jUt (he end of II 
(virs'', if another persoi# now lo, should 
Hhic then dead ; or,yf this should not happw;, 
'at tJk; end of an\' yen’* bevfjnd 1 I vears ’ ■. 
which the tormer sludl liappen to survive tlu* 
latter: What is the present value of such a'l 
annuity, reckoning; interest at I perce ' and 
takino' the piobahfiities ol’life as tliev am in 
j,)r. //a//e//’,S'Table, or Tabic T. at tb.e h '’in¬ 
ning of Vol. II. ? 

The value of .aCto per (v:}/inn, for the 
remainder of the life of a .]>erson now 3 0 , 
after ll years, found by Oaicstion \'I. is 
I'he probability that a pcM'Son lo 
years of age shall live ii years, is, b\ Dr. 
Halley s Table, pro')abi!itv, there¬ 

fore, that he will die in *1 1 years, is eoL 
subtracted from \inity‘^, or J ff; which mul¬ 
tiplied by gives e£’i7.I(i. The 

value of the reversion, provided hoili live J 1 
years, found by Quest. VH. is odd 7.23. 
And this value added to the former, make^ 


" That is, the title to the annuity is to commence at 
the end of 11 years, and the lirst payment to he m de a 
year afterwards, in ease tlte life iti expectation sl.ould 
eontimie so long, and the othe? fail. But if luili lives 
should continue the given term, the first pafTnent 
always to he made at the end *3 fhe year, in vvhieJTthe 
former life shall happen to survive the latter. (see 
Quest. VI. 

' See the Note, p. 24. 


.5^34.39 
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^ 34.39 the value required ifi a single pre- 
s^7it payment; vMiich payment di\'idcd by 
^l].43, (the value bv Table VII. Vo!. II. 
of two joint livqs, asjed 30 and 40, with 
unity added) gives <§£3°; or the value re¬ 
quired in annual })ayinents during the f5int 
lives, the first payment to be made immedi¬ 
ately.—If, every thing else being the same, 
the assigned term is 15 years, the value re¬ 
quired will be s£2g in a single payment, and 
^:£2.55 in annual paijnwnish 

QUESTIOxN' X. 

What money in hand, or in annua! 
“ payments during life, ought a person o1 
an aysigried age to give for a sum of 


See the demonstration of this rule iu Note (l.U 
Vo!.ll.(r) . ‘ 

(e) This demonstration is deri'.ed fron! Mr. De Alvirre, 
hypothesis, and therenee 1 have added in tlic note aliove • 
iiM'titioqed anotlicr denion-itralioii founded on the iva! 
piobabilities of Hie, ii'oui which the foilowinj^ rule i; 
obtained, which is raciier more concise tlum the rii'e 
ffivci) by Dr. Price.—“ Find by Quest. VI. the value of 
“ tlie annuity for the remainder of the life in cxpec tation 
“ Vter the given time. Find also by the Scholium to 
“ the same Question the value of the annuity for the 
“ remainder of the two joint lives after the given time 
The latter* subtracted from the fooner will be the value 
required.”—Thus; ihe.value of an aniiuity of .gi’lO on 
a life after 11 years is jL(j4A3 —the value of the 

Hke^nnmty during the remainder of two joint lives aged 
30 ahd 40 after 11 yeafs is Subtracting this 

latter sum from the former we have as given 

above, for the ^ralue required. By tlie Aorih'jmpiort. 
Table the value of this annuity is j£’33.77. i 


mnnt'v. 
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'• money, pay*able at his death to his heirs 
“ In other words, what ifioney in hand, vM- 
“m aniiTial payments diiring life, ought a 
“ person of a given age pay for an ussu- 
** Xance of any given sum on liis life:’’ 

ANSWER. 

Subtract the value of the life from tlic 
pcrpctnlty. Multiple the remainder by the 
product of the ;d\ cn sum into the interest ot 
.CiOo fo?- a _>ear; and this last juodiict, di¬ 
vided !)\ /JI oo increased 1 )n its mttb'est fora 
■ car. will gi\e the answer in a single present 
payment. And this payment*,- divided by the 
value of the life, will give the,answer in 
annual payments, during the continuance ot 
the life. 

Exampi<i. Let the life be 30. The sum 
v^'joo. Idle valuatjon of* lives,, that in 
Tabic VL Vol. 11. and the rate of interest 
-1 per cent. 'Lhe perpetuity, therefore', is 
2.5 . The interest of Ai I oo for a year is c^4; 
£^100, increased by its interest for a ye^r, 
is And the value of the life 14.(i8, 

The value of the life, subtracted from tbfe 
• 

'* This Question is the same with Problem Itftl), in Mr. 
De Mo'wre.s Treatise on Annuities, ;mc! Problem 26’tb, 
iu Mr. Shnpson s Select Eitereises: 'out the an^cr^tliere 
given are riglu only when applietl to i^versionary'eiA/t^i', 
and therefore must be materially Rvrong wlieu afipliei# to 
revereionary sians, as will appear froiu the ’'•Lt'Aiinn to 
this Question, and from Vote (E) at tbe,^nd of this Vol. 

‘ That p ; the value ol' the fee-simple of an estate 
ftmud by dividing 100 bv the rate gf'interest. 

vo:',>, I. D perpetuity. 
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|•er{)e^l^i^ 7 , ^ivrS|10.32. which, multiplied 
bvthc product offClOO into -i, or by,Z.’/ru>, 
jj;;ives li2iS. And thit^, divided by lO-l, 
^ives IIk'*" value otAAdoo, payable 

at tlu^ death of a pt'rson a^'ed ;;o, in a sii^yh- 
')resent payment.—And, this payment, cii- 
vided by I 4.t)8, iseL’lt.", tlie same ^alue in 
annual payments during the continuance ot 
th(' iii'e. 

These values found in the same way agree¬ 
ably to th(‘valuation of lives lor Lo/uto//, in 
'J able XI. Yol. J[. are a£.’45.70, and ,A’3.-1f). 
It the liti' is .'U,’, and interest 4 per rent, these 
values are , A’ l3, and by d’able Vd. 

Y'ol. 11. and .A’-t.l, by ]\Ir. Simpsons va¬ 
luation' of lives for London in Table XI. —It 
liiten A i'l reckoned at 3 per cent, the same 
values; are, by J)c MoiviLs valuation of lives 
for 30 ^ears oi’ age, ,;:£48.14, and I'.SG — 
I'or 3d years oi age, 51.43, and c-£.3-38'‘. 

It appears here, that ditfercnce of intere-.t 
makes no considerable dilherence in the an- 
.sw.'TG to Questions of 1 his kind, except wheii 
the values are nspiircd in a single payment. 

' If the lirst of tiie annual j)ayments is to be 
made immediately, the single payment is to 
be divided by the %alue of the life, with 
unity added to it, agreeably to what has been 
'uliaauly observed ; and the annual payments 
indhis case (intercut supposed at 4 per cent.) 

'' Tlu'.se Vi'iucs by the NorilamtpLon'DAc'dVt 
aad ,gia.’.83, autl .*£'51,28 aud A 3.20'. M. 

' will 
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will l)C by Mr.’Dr Moivrcs valuation ot'livc.^. 
(or 'Fable VI. Vol. 1{.) for u liie at 3^; 
Ju.o3 —At 30, A2.(). 

If the payments are haij-yearly payments 
t^ginnin^ immediately, the single pa}'mei)t 
flmt*5t be divided bV the value oi the' life in- 
erease'l by .seven t('hths, (see Question Vlll. 
})age !'().) And tin* lialf-yearly payment.'^, 
lor the age of 3(), \V;11 be half 2.g0, or I.-IS. 
And half 1.48, or .74, is likewise nearly the 
pro[)er cpiarteily payments. 

Again ; If an annual payment, beginning 
immediately, of A l’.O, ought (reckoning in¬ 
terest at 4 per rent.) to purt;hase Xioo pay¬ 
able at the failure of a life now 30; by 
tlie rule of proportion, ought to pijrchase 
JL\'J2. And in like manner, it may be 
found, that the same annual contribution, in 
nalf-\a\irly or quarterly payments, beginning 
immediately, ought’to purchase ci 6 ’ 17 o.— 
These sums, according to the London Obser¬ 
vations, are A 132 and T’l3o neatly. 

The nvason of mentioning these particu¬ 
lars will be seen in the next chapter. 

S C H O LI U M. 

If’the reversion is not a sum, but an an¬ 
nuity for ever, or an esiaicj.x\ fee-simple, to be 
entered upon after 'a given lire, its present 
value, a single papmenf^\%'\\ihe “ the vaifre 
of the life subtracted from the perpetuity. 
“ and the remainder multiplied by the an- 
“ nuityi or the annual rent of the estate.” 

0 2 And 
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\nd the value, iw^annual j >011 mcuts, will be, 
before, the sin^epaMiient divided by the 
value ot'the life. #Universa!Iy. It ought to 
be remembered, fhat a ^e^'('rsionaly crtatCj 
after any given life or lives, is worth,^,^ 
much more than acorresppnding reversionary 
sum, as 06 ' 100 , increased by its interest for 
a year, is greater than -( too. I'hus, the 
present values, in single and annual pay¬ 
ments, of Xa per annum for ever, and of 
c£ ] 00 in money after any assigned life, are 
to one another, (interest being at 4 per cent.) 
as 104 to 100 , or 1.04 to one. The reason 
of this difference is, that the calculations 
suppose, that the reversionary s^um, and the 
first }'<^arly rent of the estate, or first pay¬ 
ment of the annuity, are to be received at 
the same time, after the extinction of the 
lives in possession. If. is easy to see, that 
this is a circumstance which must make the 
latter of mo‘"t value. But to prevent any 
doubts about it, I shall explain it more par¬ 
ticularly in a note in the Appendix'. 

QUESTION XI. 

A pei'son of a given age, having a 
** yearly' income which will fail with hi$ 
“ life, wants to mfake pi;ovision for another 
“^lerson of a^ given age, in case the latter 
“ should happen to sundve. What ought 
the former'to give in a single payment, 

' VId. Appeedix, note (E) at the end of this* Volume. 
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or in annua]* payments during their joint 
“ lives for a given sural payable at b/s 
“ death to the latter?” 

It is manifest, that the value of the given 
•sui>in this ease,’must be less than in the 
case stated in the'last Question; because, 
here the payment of it is suspended on the 
contingency, that hue life shall survive an¬ 
other ; whereas, in the other case, it is cer- 
to be paid «t the failure of a given 

life. 


ANSWER. 

Find, by the solution of Problem XXXIL 
p. 297 , Mr. Simpsons Select Exercis<;s, the 
value of an estate, corresponding to the given 
sum, and depending on the given survivor¬ 
ship. Divide this* value by. increased 
by its interest for a'year, and the quotient 
will be the value of the given sum in a single 
present payment. And the single payment, 
divided by the value of the gwen joint liVes,’ 
will be the answer in annual payments' 
during the joint lives. ^ 

The solution I have referred to is as fol¬ 
lows 

Find the value of ai\ annuity on two 
“ equal joint lives, V hereof the com?h(>u age 
“ is equal to the age of t^e older of the t(r» 
proposed lives; which value subtract from 
“ the perpetuitv, and take half, the remain- 
der. ‘Then say, as the expectation of the ‘ 

“ duration 
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duration of tlic' younger of the two live- 
is to that of thi- eider, so is the said lialt 
‘‘ n'lna.ndcr to a -tth proportional, which 
“ will be the number of years purchnsc t({ 
“ be given for ihe estate wlten the li^^4ii 
“ expectation is the oldest of the two. l3ut 
if this life is the youngest, then add the 
nnniber, of ytairs pureha.se just found to 
‘‘ the \aluc of the joint lires, and let tlie 
sum be subtracted from the p('rpetuity, 
‘‘ and r on will abo har e the answer in this 
“ ea.se”’.” 

Let 

" Mr. Srmpr.oit hif. yi^■on tiic following examples of 

thi.s solution,‘a(ln})t( (1 to l/iiimiii lives;-Example 1 . 

Supplise the age of the expccaint to he 40, of the pos- 
‘‘ ' .iO. Tlie rati' of interest 4 per ccuL .nid tin; 

given legacy .;g"5(HtO or ^I’OO per anninn. I'licii the 
“ \aiuc of two equal loint liver of -10, being 8. I, (see 
“ Table Xfl.) and the i)erpr,tuity 'I't, the renjaindei or 
‘‘ difl’ererice will he here 16.0 ; when of the half is 8.45. 
“Therefore, it will Ire as 123.6 to. 10.b, .so 8.45 to 7-012 
“ years purcluse, ,or .;T 140.4, the rt'quired value.” 

Jtxample 11. “ Let thi' age of the expevlant he 30, of 

“ the po.i.vmor 40, and th.e'lest as in the prc'eeding ex- 
“ ample. Here'-'thc value of the joint livt;s 30 and 10, 
“ will be 8,8; whieii added to tS)%, (found above) the 
.siiiii will be 1.5.Sl2; whein c the answer, in this case. 
“ i.s 0.18 years purchase, or jiflSSO.” 

1 liave shewn, that tire values of reversionary csiatis, 
and reversionary tians, are not the same as is here sup¬ 
posed. S'hc rule gives the tiv-ie value w'hen applii-d to 
me former; but,^ when apjrlied to the latter, the values 
gK cn by it mii.st be di>'ided by .sTl increased by it.s in¬ 
terest for a year, as above directed- "I’he same observa¬ 
tion is to 1)4 applied to Mr. Simpmis ne.xt Problem, pr 
the 33d. 

n these Exanxples 23.6 and 10.6, are the c^xpectutioes, 
in Table »X. of S(/ and 40, according to the London 'i’a- 
2 blex 
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I.ct tlic life* in expectation be 30; and the 
♦ 'flier Ji/'e -10: '^Hie snin,jAiloo. Jnteres;;, 
1 per cent. The valuation of Iiv(\s, iMr. be 
jMoivrcs, or tliat in TabU^ YI. V^ol. 11. 

The expectation of the first life, is 28 ; of 
fiva second life. 23*, by Mr. De Moivres hypo¬ 
thesis. The valnc'of the joint lives is 10.43. 
by 'fable V 11. V’^ol. 11. The value ot' two 
joint liAcs, both -10, is 9.82, by the .same 
'fable, 'fhe estate corresponding to .X-’ioo 
is ,X'4 per annmil, and the present AXilue o.l 
such an estate to be entered upoi; by a per- 
,son 30 rears of age, provided he survives a 
person -lo rears of age, is, by the rule just 
quoted, <X'33.32. And this value, divided 
by cXl, increased by its intere.sf for a year, 
or by 1.04, is X’32.03, the value in a single 
present payment of the sum of rXloo, de- 
})endent on the •given sui'vivorsbip. And 
this single payment disided by’ 10.43, is 
X 3 . 07 , the required value in annual pay¬ 
ments, during fhc joint lives, if the first 
})ayment is not to be made till the end* of-a 
\ear. But if the first pinment is to be macU^ 
immediately, the required value in annual 


ties i*.r Oli' crv.niwi ; nn'l tlir nii'ttiOfl of finding them for 
any .-iijc, and iVoni r.nv 'Ibldcvs of Ol)scrvtition, is. e\- 
j)laiiR'(t at iIh' heginning of the ^rst Essay. 

In Mr. I)(> M()ivi('-i*tiiy)iitliv!i'!s, tiu* o-KpcctSiou-of a life 
is always tmlf the ci/:n|)!«'nu'nt. Seik note, p. 2. 
tinies tl'c (of a lifi“*is mentioned withoitt any 
viewtOxMr. Di- ’./o/'.'/.-’v livpoflicsis.^ and it then means 
double the c.rfici.ldlion oj' tlie life, wh'.itever that maybe, 
according to any Table of Obscrvaliuns. 


piay merits 



40 Qi/esfions concerning 

pa ij wen Is will be c£s2,()?,, divided by ! 
ot; £‘23. ’^riiepe^A'alues. aecording to tiie 
T>o//r/ow'Observations, or Mr. Shnpson'.'i'\\x- 
bles i’oiinded iiporl them, are e=£.'3ri.8(y in a 
sing/c paj/nfcnf; ntid £‘d.6, in annual paig 
meats, beginning immedialeJv. 

nil'. Simpson, in the Prcjblems I'oildwing 
that liere quoted, has given solutions of most 
otiier Questions, concerning the values of 
reversiot}s depending on sen ivorsbips, where 
tb.c whole duration of two or three livens is 
' onrerned. And T am acquainted with no 
other solutions of these Questions, which are 
applicable to all 'JLahles of Observations'', and 

which 

" Thr ‘solutions of tliis and t!)e fullowinp Qtiestion 
wpiT certainly tire most accurate of all that had been 
jriveii ])revious to the fifth edition of this work. About 
three years before that, edition was j/ubiished, more correct 
solutions of diesc Questions were coinrnunieatcd by iny- 
;clf to the Royal Societv, and puidished in the 77th 
voluiac of tlie Philosojihit al Transactions. These, being 
derived from the real probabilities of life, depend on no 
b-ypotKcsis, and give the exact values in all cases; while 
the .\ohuions of Air. Si,)'f)Wii, tliough applicable to any 
'fable of Observations, are d.educed from the e,rpecl(aio?/s 
r>f life, and tlicreforc can be regarded only as appro,rimn- 
even where they liappen to be most aooiirait'. In llie 
e:i! iicr and latter periods of life, however, liiey are cmieh 
too iiieoiTCCv fo;- u'e ; nor can it indeed be ever neeosary 
to iiave rceou;-c to tiieip, sine - tl\p exact values may be, 
obtained H’Vih little or no dilbefilty from the solutions 
r»’ij!j^e,-iiicntioi;ed. 'I’lie general rule fji' determining the 
valie* of the reters'on iiV- the [uet-ent Question jnay be 
expres-ed as tollowy ; “■ I.et F represent a life one year 
‘gtoanger, and f/a life one year older than B. Miilti- 
“ ply ti'e value of an annuity on the joint lives of A P, 
“ inerctasi'd by unity, into the probability that lives a 
I ’ ■ ' ‘gyear. 
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wbidi ai. Jie .same time (proper regard ht ng 
paid to the correction explained in the last 

Question) 

j-* ,vear. Multiply the dincrence bt'tw*', the perpetuity 
V atv!*the value <it an aitmiity on tlte juiut live-, of A B 
“info I'fie iiue’t^c of .it J for a year. Add there two 
“ products tui-eilitr, h't their sum he divided by .i I, iu- 
“ erca.sed by io iuieri'sl for a year, arid reserve the <nio- 
“ ’dent, li-.idie the valfle of ;ui armviity on the joint 
“ iiv's of A i’, hy the prol-abilily that ]' lives a year. — 
“ yuhtniet tliis from the rescived (|tiotient, aiid the 
reiniiiiulcr heiiie; mfdtiplied into li. M the given simf 
‘‘will ])ro(hi! c the value reijuired, when i* tl,ie (.tVa ./u-i/ 
“ is the oldest of th,;' two lives.” ]f ii he tlic voimgest, 
the vidiie v, ill be obtained, ;ts in Mr. Snupsr/i.^ nde, hy 
subtracting the value of A's eaKpeettatiou, iomid above, 
from the it’Jiolt value of the lleversion after the joint lives 
of A and B. • 


EX.A.MPLE. 

Let it be required to determine the raltie of jTlOO 
payable on the death of A, aged should B, aged 6J, 
be then living, computing* at 5 per cent, and from the 
probabilities of life in the Northampton Table of Obser¬ 
vations. In thi.s ease the ages of F and will be GG and 
b'H years, d'itc vtilue of an annuity on the joint lives 
t)f AF, liy Table XXVITI. and XXIX. Vol. 11. is 
th.e piobability tiiat B lives a year is C.924,. (or 

a.112-1 increased by unity,) multiplied into -Id-rh pro¬ 
duces t;..550. The value of an annuity on the joint li^cs 
A B, 'or G.130,) subtracted from 20, the perpetuity, 
leaves*!.? 8/, which being iiniltiplied into .05, or th.c in¬ 
terest of ..£J for a year, produces .G94-. Adding this, to 
the ftirmer product, ;md dividing. 7.214, (tlicir sum,) hy 
1 .0.5, we have for'the quotient to Ite jn^Trved, T’he 

value of an annuity on the joint lives »f A F, (or 
divided by (tiie probaliility that F lives a ^eai) 

quotes G.G7-W uhich being subtracted from G.SOl), the 

reserved 

• 

{'’) Or, which is the same thing, nv/hiplied into p^y|. 
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Question) may be considered as suflicientlj 
correct" 

QUESTION Ml. 

“ Suppose an institution tor the relief ,<1 
“ vvddovys to extend its 'assistance liko^f isc' 
“ to the tainilics of mairied men, provided 
“ tliey leave no widows. Suppose, for in- 
“ stance, that in this ease children are to be 
'■ entitled to <^£.’ 100 . What is such an ex- 
pectation worth, in present paynumt, iu- 
“ forest being at 4 per cent F 

ans\yj:r. 

If -10 is the mean age at wliich members 
are admitted on such an institution, and 32.- 
the mean age of their v\'ives, tlu' answer 
(supposing no subsequent marriages) is, by 
the 3 3d Problein in Mr. Simpsons Select J’ix- 
ercises, p*; 2f)8, and the correction alreadj, 

rrsrnVI/ quotient, and .‘224, the reniainder, being multi- 
pliedi into 50, or hall' the given vuni, ue lun’e itlUilO, 
for the value required. Jf A had been 07 and J5 24, the 
j'oregoing value must have been deducted from 60.05, thc 
whole value of tltc Reversion alter the extiiielion of ilie 
jdint lives of A and H, found by Question X. and tie- 
rernainder, or would lia\(! been the ans.'ver in 

li.is case, ■'these values agree nearly with the values by 
Air. Sini,’:so/ii rule. But If the diU'erence of age between 
A and B i#very great, or a Tabk- of Observations is used 
»n wb.ich the decrements of life are not so regular as in 
'1 able,*the value.-, by Mr. Shr/pson’^ rule 
trill be found in many eases to be one third wrong. Al, 

* Sec the thiitj Chapter. 


explained, 
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explained, il'*l3.8oP. taking the expecta¬ 
tions and values agreeably to Mr. De iMoivre^S' 
hypothesis. 

But 


p d7iis I’rohlem ami .its solution arc giwn by Mr. 
tS'/w/;'o/,’ in tbo lollowiiie uoitJs : and his heirs are 

“■ entiiled to an est.atc of a "iven value, upon the deeeasr 
“ of B, provided Ji suV\ ives A ; to find the value of 
their (‘xpectation in prru'iit money.—Solution. “ Find 
“ the value, of an annuity on the Ion,erst of two equal 
“ lives, whereof the''cotninon age is that of the older «f 
“ the lives- A tind B; whi(di value subtract from the 
“ irerjretuity, and take half the remainder; then it will 
he, as the expectation of duration ot the younger of 

“ the lives A and B, is to that ot the older, so is the 

“ said lialf remaindci’ to the number of yeans purchase 
“ requii'cd, when the life of B is the older hf ihe f/iv. But 
‘‘if B be the ifoimoer; then to the number fltus found, 

“ add the value of an annuity on the longest of the live.-, 
“ A and B, and .subtract the sum from the perpetuity, for 
“ the answer in tips c5se.” ^ 

If the estate is riA per^aniiiim, the age of B dO, and ol 

A 30, in/i’res/ -I [ler (c/iL, the answer by this ride comes 

out .£’13..St;, which divided (as in the precediiyg Qne.stion) 
by 101, gives .£’13.32, the value, as above, of A'lOOin 
money. If B Is 30 and A dO, tin- same value is £’.) 5 71 • 
N. I>. The value of tlie longest of the two lives isalway.s 
the (/'//e)<7tce between the value of the joint lives, and riie« 
Sinn of the values of the two given single lives, d'lnis; - 
the value of a life at 10, is, by 'Fable VI. Vol. II. i*.5.2. 
The' Sinn, of the values of two such lives is 20. , 'Idw 
value of two joint lives, whose common age is IC, is, by 
Table VII. 0 82; and the d^erence is 1()..')8, or the 
value of the lo/i^nst ofAwo lives at 40. (e) • 

(e) This rule, like tlse preeedirig^one of Mr. Simpson, 
being deduced from the e.rpiftotion of life is cqn;*li^^i- 
eorreet: and therefore, in most cases, ii will be best to 
,(doj)t the folkiwing general rule deduced from the Solu¬ 
tion to.'vhicb I have referred in ])ag. 10. “ Let 1*\ asjn 

the former micstion, denote a life one year younger, and 

‘11’ a 
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But there is a reduction necessar}', on ac¬ 
count of the ciiaiu e there is, that a widower 
ihay raarr}-apiin. Suppose, therefore, one 
half of all M'ido\yers to marry a second an4 
third time, and that two fifths of such wj,- 

doworsf 


“ P a life one year older tlian B —I^Iultiply the value of the 
“ joint lives of A P, increased by unity, into the proba- 
“ bility that B lives a year. Snldract the difference be- 
“ tween the joint lives A B and twice the value of the 
V simple life B from tlic pcrj)€tuity, and multiply thcr.e- 
inaindc-r into tlie interest of J:4 for a year. Let this be 
“ added to the former product, divide their sum by in- 
“ creased by its interest for a yea.r and reserve the q\imient. 
“ Divide the value ol the joint lives A F by tlie probability 
“ tliat F lives a year—sulrtraet this from the reserved quo- 
tient, and tlu'^ remainder bein;:^ multiplied into half the 
“ given sum will pioduee the value required.” 


UXAMPI.K. 

Let it be .required'to determine tWe value of j£rlOO 
payable on the death of B, aged 65, should that happen 
after the death <d' A ng('d ‘J5, computing at 3 par cent. 
and from the probabilities of life at Noithamp‘on. The 
value of an annuity on the joint lives AP by Tables 
XXVIll. and XXIX Vol. 11. is 7-12,3 which being 
ifeuViscd by unity and multiplied into (the proba¬ 
bility that B li'.es a year, found by Table XVII.) pro¬ 
duces 7-725. 'the value of an annuity on the joint 
lives A B i" 7-576.—The vaiuc of an annuity on tl\e life 
rd' B by T.ijile XlXl. is 8..S02, and the interest of £\ 
for a ye.ir is .0.3 —d’he difference between 7*57 ttnd 
16.6t)l (or ..twice -8.302)* bring sj.ibtracted from 33.33.S, 
the peijietuity, and 21 00.0 the remainder multiplied 
produces .71.3, wl;iich being added to 7-725 the 
former product, and 3.-148, their sum being divided by 
1.03 we luivc S.202 for the quotient to be reserved .— 
The value of an annuity on the joint lives A F is 7-hll, 
l‘ne probability that F lives a year is ' th6 former 
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dowers survive* these subsequent marriages. 
In this case, -i add(id to 4 of ■{-, or, - 5-4 of all 
who become wido\^'e^s, will die Muthout leav- 
'ng widows, and therefore* ^4- of <a£l3.8, or 
i£g.66, will be the^answer. If only onej'ourfh 
of a'lh who bceome' widowers marry again, 
and two fifths of these survive, the answer 
will be . 73 . 

This calculation supposes all marriagt's to 
leave children who sum h c their parents. If 
this is considered as uncertain, the values now’ 
determined must be diminished in the pro¬ 
portion of this uncertainty. Thus; if one 
marriage in seven fails of hiaving children i 
that survive their parents ; these values w ill 
be reduced a seventh part, or to s£&.28, if 
half, and ,^10.05, if a quarter of all Avi- 
dowers marry. 

In this way may any othc? questi,ons of the 
same kind be answ'ered on any suppositions 
that may be thought most reasonable. 


divided by the latter quotes [f) 7-984, which being 
subtracted from 8.202 the reserved quotient, and .218, 
the remainder, being multiplied into 50, or half the givgn 
sum, we have ^€’10.90, for the value required. Sup¬ 
posing‘A to be 65 and B 25 years of age, the foregoing, 
sum must be subtracted from 41.761, the whole value, of 
the reversion after the longest oS the two liv^s of A and 
B, and i£"30.861, the remainder, will be the value in this 
case. ".A* 

*> This for many years has been nearly the fact among 
the ministers and professors in ScotLajid. 

if) which is the same thing, multiplied into 7^-*.. 


QUESTION. 
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QUESTION XIII. 

" Let an establishment be supposed which 
takes in at onfbe all the marriages in a 
“ country, or all marriages among personij 
“ of a particular profession \\ ithin a given' 
‘‘ district, and subjects 'them for perpetuity 
to a certain e(|ual aiid common tax, or an- 
nual payment, in ordc'r to provide life an- 
“ nuities for such widows as shall result from 
•“ thes<^ marriages. Wliat ought the lav !(» 
be, supposing the annuity 20 , and calcn- 
‘‘ latiiig at 4 per cent, fiom hlr. Dc Moirrc\ 
“ valuation ol lives?” 

t 

ANSWER. 

Since, at the commencement of such an 
establishment, all the oldest, as w*cll as a'u 
youngest marriages, are to‘be entitled equal i v 
to the proposed benefit,‘a much greater imm- 
ber of annuitants will come immediately 
upon it, than would come upon any similar 
'establishment, w hich limited itself in tlu' ad- 
>mhssion of members to persons not exceed¬ 
ing a given age. This will check that ac¬ 
cumulation of money, which should take 
place at first, in order to produce an income, 
equal to the disbursements at the time when 
the nunfber of annuitant comes to a maxi- 
; and, thevefore, will be a particular bur¬ 
den upon the establishment in its infancy. For 
this, some compensation must be provided ; 

, and 
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nnd llu' equitable method of providijig it, is, 
bj levying/77?e5 at tlie beginning of t!ie estUT 
blishmcngon every member earmf/V/ga given 
age, proportioned to the number of years 
,eehich he has lived beyond that age. J5ut in 
Che prpsent question, it is supposed, that sueh 
tines eannot l)e eonveniently levied, or that 
every payment roust be equal and common, 
w hatCA cr disparity there may be in the value 
of tlu' expectations of diderent members. 
'I'he tines, therefo/e, must be reduced to one- 
eommon one, answering as nearly as possible 
to th(‘ disadvantage 1 have mentioned, and 
payable by every member at,tlie time when 
the establishment begins. After this, the 
establishment will be the same wi^i one 
that takes upon it all at the time they marry ; 
and the tax or annual payment of every mem¬ 
ber adequate to its support, will be the annual 
payment during marriage, due from persons 
bo marry at the mean age at which, upon 
an average', all marriages may be considered 
as commencing.—'lliere are then two points 
U) be here determined. 'Y\\e.fines necessary’to* 
be paid at first,according to the account I ha%e 
just given; and the constant annual payment, 
necessary to be made by every member, as 
an equivalent for the expectation jirovided 
by the establishment.—'Fhe Jincs to be paid 
at fij'st are, for every particular member, ih‘e • 
same with the diderence between the value 
of the expectation to him at his present age, 
►and wfAit would have been il^ value to him 

had 
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had the scheme begun at tlie time he mar¬ 
ried ? Or, they are, for the whole body of 
meiul)ers, t)ie difference between the value 
of the common escpectation, to persons at the 
mean age of all married persons taken toge^. 
thcr as they exist in the world, and ito per¬ 
sons at that age, which xs to be deemed their 
mean age when they rnarr} . 

Thus; let 33 for the man, and 25 for the 
woman, be the mean ages of all that marry 
'annually. Let also 48 be the mean age of 
iill the rnarrihd men in the world, and 40 
of married \vomen^—Now, he that will 
calculate for these ages, in the manner di¬ 
rected in (^uest. IV. \\i!l find, that the value 
in annual payments during marriage, and be¬ 
ginning immediately, of the expectation of 
an annuity of Ti’O per annum by a person 
25 years .of age,'- after a life whose age is 33, 
is Th.O t.—And that j!8.04, is the value of 
the same expectation, the ages being 48 and 
40 .. 

The former, therefore, is the pajnnent for 
perpetuity from every member of the esta¬ 
blishment; and the value of the difference be¬ 
tween it and the latter, or of JjlA. per aim. 
payable during two joint lives, whose ages 
are 40 ^d 48, that is, T’l4.2, is the fine nc- 

* I must beg leave to*refer to note (F) in the Appendix, 
tor an explanation of what 1 mean by liie mean ages of 
married men and women, and also for u confirmation of 
the answer I have given to this Question. 


cessary 



Reversiormtt'y AntitiitieB, &c. 4g. 

cessary to be leVicd on every married mem¬ 
ber at the beginning of the,establishment' 

It would be easy to extend the benefit of 
such an establishment, so’far as to provide 
jSioo for the children of members, provided 
they leave no widows; and the necessary ad¬ 
dition on this account to the perpetual an¬ 
nual payments can scarcely, in the circum¬ 
stances this question‘'supposes, be much more 
than about 15s. payable during life, and ex¬ 
cluding from all benefit such as happen to’ 
be widowers at the comraenifement of the 
establisliment, and do not afterwards marry. 

If, in such an establishment, all persons 
of a particular denomination, whether mar¬ 
ried men, widowers, or bachelors, are sub¬ 
jected alike to the taxes and fines; they 
ought to be as much less, as the whole num¬ 
ber of persons subjected to them is greater 
than the number of marriages constantly 
existing. 

In carrying these schemes into execution, 
there cannot be a more easy, or equitable 
way of raising the necessary fines, than by 
providing, that none shall be entitled to any 

* 

“ An annuity for ever, the first payment of -whicli 
is to be made immediateljr, is woPth 26 year9i»purchase, 
interest being at 4 per cent. j^l4.2 therefore is equivalent 
in value to .^0.55 or Hi. per amium, ihr ever. Add tins 
to ^6.64, and it will appear, that ^'‘J.19 per emmim, be¬ 
ginning immediately, is the answer to yhis Question, sup¬ 
posing the value of the to be provided for in the per- 
_^etual annual payments. 

VOL. I. E expectation' 
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expectation for a few of the first years. Thus, 
;:^n establishment, entitling widows to £20 
per annum for life, and consisting of 667 
married membe^j^, and 344 unmarried, al¬ 
ways kept up at an average, ought to begin 
with a capital of ^14.2‘multiplied by 667 , 
or s^()471, besides one •payment in h^nd of 
the constant annual payments. That is, (the 
proper annual payment of every member be¬ 
ing in this case, -AVr multiplied by j£6.64, 

• or <££’4.38) it ought to begin with a capital 
of t>ver and above the payment of 

^4.38, at the end of every year for ever 
afterwards*.—The exclusion of all the first 
members from Wy benefit, unless they sur¬ 
vive the fitst tino years, or live to make three 
payments, would raise this capital nearly. 
And such an exclusion for three or four 
years, would b.e an advasitage so consider¬ 
able, thal it would probably give security 
and stability to the scheme for all subsequent 
time. 

In these observations, I have had in view 
some schemes which have been established 
m this kingdom ; but more particularly, one 
established by act of parliament among the 
clergy in Scotland; of which I shall have 


* Or, supposing the value of (the fine) pro¬ 

vided for in the annual payments, it ought to receive 
every year, at the beginning of the year, a contribution 
from each member of ^4.74, 


occasion 
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occasion in the’next chapter to take further 
notice. 

J have chosen to calculate here only from 
Dr. Halley s Table, or Mr:’De Moivre's hy¬ 
pothesis grounded upon it,because the hondoii 
Table is, bj no means, adapted to the cases 
in view. 

It should be further remembered, that 
when the mean ages, at which marriages 
commence, are supposed to be 33 and 25, 
all second and thii-d marriages are included ; 
and that it is to be expected, that almost all 
these marriages will begin after these ages; 
and likewise, that a considerable proportion 
of the first marriages wilb begin a piuch lon¬ 
ger time after these mean ages, than any of 
the other first marriages will begin before 
them.—Probably, therefore, these mean ages 
should not be taken younger.’ One,, or two 
years, however, more or less, in every sup¬ 
position I have made, will make no difference 
of any consequence. 

QUESTION XIV. 

“ A person of a given age has an estate de-* 

pending on the continuance of his life for 
“ a given term. What ought he to give fon 
“ having it assured tp him tbr that tej;mr 

ANSWER. 

From the value of an annuity certain for 
the given term, found by Table II. sub- 
isact the Value of the life for the given term, 

E 2 found 
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found by Quest. VL and resdrve the remain- 
«icr.—Multiply the value of Jdl due at the 
end of the given terra, (found by Table I.) 
by tlie perpetuity, and also by the probability, 
that the given life shall fail in the given terra. 
The product added to the reserved remainder, 
and the sum multiplied 5y the given annuity, 
will be the required value of the assurance 
in one present payment®. 

EXAMPLE. 

r 

An estate or annuity of £\0 for ever, will 
be lost to the heirs of a person now 34, 
should his life fail in 11 years. What ought 
he to give for the assuram^ of it for this 
term That is; What is the present value 
of such an annuity to be entered upon at the 
failure of such a life, should that happen in 
IJ years. 

The v.alu? of the life of a person whose 
age is 34 for 11 yea,rs, is, by Quest. VI. 
(reckoning interest at 4 per cent, and taking 
Mr. De Moivre's valuation of lives) 

Which, subtracted from 8.700, (the value 
of an annuity certain for 11 years), leaves J 
the remainder to be reserved. 

The yalue of £l to be received at the end 
of ti years, ijl, 0 ^. 6496 , by Table I. Vol. II. 
The prbbability that the life of a person, 
ftged 34, sha*ll fail in 11 years is, by Dr. 
Halley s Table, ; and the perpetuity is 25. 

See the denaoostratipB in note (G) at the end this 
rolujBje. 


These 
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These numbers multiplied by one another, 
and 1 added to the product, make 4.3:^, 
which, multiplied by l o, (the given annuity) 
gives <^43.2, tiu' required^value in a single 
present payment. 

• divided' by l.04, gives A^41.54 

the true value (by Scholium to Question X.) 
of the a:su ance of an equivalent sum, or of 
i£25o f>;r 11 years'on the given life’". 

Again 

^ Tlie premium of assurance for a giv'en sum may be 
more easily obtained by the following rule : “ Find tlie 
value of the life for one year less tfian the given term. 
“ Let this value added to unity be^ divided by in- 
cteased by its interest htr a V ear. Frexn the quotient 
“■ subtract the value of the life tor tlie gi-ien term, and 
“ the remainder being multiplied into the given 'St(m will 
be the value required.” 

The equivalent annual payments, the first to be made 
immediately and the othjers at the beginning of each year, 
may be found, “ by dividinj' the single premium by the 
value of the life, with unity added, for One year less 
“ than the given term.” In the rules given by Dr. Price, 
in this question, and tlie scholium, the first payment is sup¬ 
posed to be made at tlie beginning, and the last at th^ ex¬ 
piration of the term. But this method of assurance is 
never adoptetl; the annual payments being ahvays maSe,i 
according to the rule given above, at the beginning of each 
year. 

K-\AMPI.K. 

Let it be required to determine the value of an as¬ 
surance of jS’‘250, in single and annual paynjent.s, for a 
term of 11 years on the life of a person aged 34, accord¬ 
ing to the Northampton Table oi Observations, and,&i 
4 per cent, interest.—The value of the life for 10 years is 
7.335, and 8.335 (or 7.335 increased by unity) being di¬ 
vided by 1.04 quotes 8.014; from which deducting 
^.851, (or the value of the life for 11 year^ we have .163; 

wliich 
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Again 41.54, divided by 8 . 76 , (the value 
Qf the given life for the given time with unity 
added to it) gives 4.74, the same value in an¬ 
nual payments beginning immediately, for 
11 yearsy, subject to failure should the life 
fail. 


SCHOLIUM. 

In a similar way ma*y the price of assu¬ 
rances on any two joint lives, or the Io7)gest 
•of two lives for any given term^, be calcu¬ 
lated ; the rule being as follows : 

“ From the value of an annuity certain 
for the given term, subtract the value of 
“ the joint lives, or the longest of the two 
“ liv^ for the given term, found by Scho- 
“ lium to Quest. VI. and reserve the remain- 
der.—Multiply the value of c£’l to be re- 
“ ceived at the. end of the given term by the 
perpetuity, and also by the probability 
that the joint lives, or the longest of the two 
“ lives, shall fail within the given term. 
This product added to the reserved re- 
mainder, and the sum multiplied by the 
** annuity to be assured, will be the value of 
the assurance in a single present payment.” 


which being multiplied^nto 250, produces i^40.75 for the 
value of assurance in a single payment.—And 40.75 
divided by 8.335 gives for the same value in an- 

*niiLil payments to be made at the beginning of each year. 

M. 

y The last payment to be made at the end of the 11th 
year; or 12 payments in all. 


EXAMPLE. 



Reversionary Annuities, &;c. 


55 


EXAMPLE. 

What is the value of .^10 per annum, 
“ to be entered upon, should either of two 
“ persons, one 40,,and the other 30 years of 

age, die in ten years, reckoning interest 
“at 4 per cent, and calculating from Dr. 
“ Halley s Table.” 

The value of two joint lives at these ages, 
for 1 o years, (found by Scholium to Quest. VJ.) 
is 6.51 ; which, s’libtracted from 8.11, (the* 
value of an annuity certain for lO'years, at 
4 per cent.) leaves l.Oo, the remainder to be 
reserved. 

The value of ^ l to be received, at the end 
of 10 years, is .6/55, by Table I. Vok II. 

The probability, that the lives of one or 
other of two persons, aged 30 and 40, shall 
fail in 1 o years, is ^^4- hy Table Y. * And 
the perpetuity 25. These numbers, mul¬ 
tiplied by one another, and l .6o added to the 
product, make 7.48, which multiplied by,lo, 
(the given annuity) gives 3 S 7 4.8, the an¬ 
swer in a single present payment. 

£ 74 . 8 , divided by 1.04, gives .,^ 71 . 9 2, 
the yalue of the assurance of an equivalent 


'■ Tlic probability taken from <he Table, that a per¬ 
son, aged 30, shall live 10 years, is *nlat a person, 
aged 40, shall live 10 years, is That they shr" 

loth live 10 years, is JJI, multiplied by lib or 
That they shall not hoik live 10 years, or that one or other 
of them shall die in this time, is subtracted from 
unity, or^ly See note p. 24. 


sum.; 
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sum; or of ^250; ^7l.Q2, divided b}’ 
7.51, (the value of the t-wo joint lives for i o 
j^^ears with unity added) gives Q.57, the value 
of the same suiji in annual payments be¬ 
ginning immediately, for lo years, subject to 
failure should the joint lives fail. 

EXAMPLE II. 

“ What is the value of per aim. to 

“ be entered upon, should two persons, one 
30, and the other 40, 'hoth die; that is, 
should'the longest of the two lives fail in 
“ 10 years, reckoning interest at 4 per cent, 
“ and calculatiug from Dr. Ha/Zey’s Table ?” 

The value of the longest of the two lives 
for lOryears, (that is, the value of the joint 
lives for lo years, subtracted from the sum 
of the® values of the single lives for lo years) 
is 7 . 91 ; .which; subtracted from 8 . 11 , the 
value of an annuity certain for 10 years, 
leaves .20 the remainder to be reseived.— 
The value of to be received at the end 
of 10 years, is, . 6755 . 7'he probability that 
the lives of two persons, aged 30 and 4o, 
sjiall fail in lo years, is, by Table V. ./-Pr 
multiplied by or . 3 -| 4 - 44 t j 
petuity 25. These numbers, multiplied by 
one another, and i,20 added to the product, 
make . 7 ^ 0 , which, multiplied by lo, (the 

* See Scholium to Question VI. 


given 



Reversionar'y Annuities, &c. S7 

given annuity) gives 7A, the answer in a 
single payment. 

7A, divided by 1.04, gives 7Al, the va¬ 
lue of the assurance of of f 50. 

REMARK I. 

The values of single lives for given terms,- 
when these terms*are less than ten years, 
must, in answering these Questions, and also 
in answering the following Questions, bo 
found true to at least 2 or 3 places of deci¬ 
mals. When they cannot be found to this 
exactness by any Tables, they must be cal¬ 
culated in the following manner: 

“ Multiply the probability, taken ,out of 
“ the Table of Observations, that the life 
“ shall exist J, 2, 3, &c. years, by the value 
“ of J7i due at thfeend of 1,2,3, &c. years; 
“ and the sum of tire products will be the 
“ value of the life for l, 2, 3, &e. years.” 

For Example. The probability, that a 
person whose age is 34, shall live a year,*isj 
by Dr. Halleys Table, . The probability 
at the same age, of living 2 years, is, 

3 years, multiplied by .9t7l5, (tl^ 

value, by Table 1. of Xl due at the end of a 
year, interest being at 4 per cent.)^s, .942; 
or the value of the life , for awe year— 4 ^ 4 ^ 
multiplied by . 925 , (the value of T l due at 
the end of two years) is . 891 . And this added 

to 
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to the former product, gives 1 . 833 ; or the 
vplue of the life for two years.—multi¬ 
plied by.. 88 go, (the value of due at the 
end of 3 years,) is .841 ; and this product, 
added to 1.833, makes 2 . 671 , or the value 
of the given life for 3 years. 

When the term exceeds 10 years, the rule 
in Quest. VI. will give these values with suf¬ 
ficient exactness; and it‘would do the same 
in all cases, were the values of lives given 
true to 3 or 4 places of decimalsh and in 
strict agreement to the Tables of Observation 
used. 

The remark now' made is to be extended 
to the values of joint lives for given terms. 
For these Values, like those of single lives 
cannot be found in solving these Questions 
with sufficient accuracy, (when the terms are 
small, and the values of lives are given only 
to one of twm places df decimals) by any 
method, except the tedious one, of mul¬ 
tiplying the probability that the 2 lives 
'shah both continue, 1, 2, 3, &c. years, by 
thd value of d£l due at the end of 1, 2, 3, 
&c. years, and taking the sum of the pro¬ 
ducts in the manner just described. 


Such teblcs arc gi^en in tlic present edition of tliit 
treatise ; artd therefore this remirk is now less necessary 
than it was. Sec jhe tables of the values of single and 
jrurf, lives in the next vofjtne, deduced from the register 
of mortality at Norlhamplon, &c, 


REMARK 
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REMARK II. 

If the annuity is to be entered upon, in 
jcase of the failure within^a given time of 
any life or lives, at the end of that time; and 
.not at the end of the year in which the failure 
may happen; its present value will be the pro¬ 
duct arising from the continual multiplication 
by one another of >the perpetuity increased 
by unity, the value of i due at the end of 
the given time; tjie annuity, and the proba-, 
bility that the life, or lives, shall fail within 
the given time. And care should be taken 
not to confound these two sorts of Questions 
with one another.—Thus, the value in one 
payment of i o per ann. to be entered upon 
eleven years hence, in case a person aged 34 
should not live so long, is 26 , (the perpetuity 
increased by unity^interestb^ingat 4j!)ereenA) 
multiplied by . 6496 , and by and also 
by or 34.8,—This value, divided by 

1 . 0 ^ is 33.5, the value of an equivalent 
sum, or of s8250 to be obtained on the same 
conditions. 

The value of the assurance of any annuiiiy 
pn the whole continuance of any single life^ 
is, by Quest. X. the eacm of the perpetiiit^ 
above the value of 4he life’, multiplijid by the 
annuity. And in like mannev; the value of 
the assurance of any annuity on the whole 
continuance of any two joint lives, or the 
longest,of two lives, is the excess of the per- ■ 

petuity 
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petuity above the value of th'e joint Jives, or 
qf the longest of two lives, multiplied by the 
annuity. This is very obvious; but no ge¬ 
neral method has/;been yet explained of find¬ 
ing the values of asmrcmces on lives and sur¬ 
vivorships for terms of years less than the 
whole continuance of tli'e lives. For this rea¬ 
son, I have been here more explicit than I 
should otherwise have bfcen; and as such as¬ 
surances are now much practised, and may 
•be veiy useful if their values are rightly de¬ 
termined,.. I have thought proper to add the 
two following Questions, which, when join¬ 
ed to Questio'n^Xl. and Mr. Simpsons 32d 
Prohiem given in the note p. 38, will, I be¬ 
lieve, exha'ust this subject as far as two lives 
can be concerned. 

QUESTION" XV. 

" B, expectant, will lose a given sum, 

“ should he survive A, within a given time. 
“ AAhat ought he to pay for the assurance of 
" \t ?”—In other words : “ V/hat ought he 
" to pay for a given sum to be received at 
“tthe death of A, should he happen to sur- 
“ vive him within a given time ?” 

a5?jsw‘eji. 

Pivide the Sum pf the decrements of life 
in the Tabic of Observations from the age 
of A, for the given time, by the given time; 
and, by the quotient, divide the number of 

the 
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the living in tlie Table at the age of A; and 
agaiii by this second quotient‘s, divide the 
givep sum, reserving the third quotient. 

Find the value of an ai^uity on the life 
of B, for the given time. To this value add 
the quotient, that v^ill arise from dividing the 
value of an annuity certain, for the given 
time, by twice the complement of the life of 
B; and the sum, multiplied by the reserved 
quotient, will be the required value in a single 
present ‘^payment,'. 

EXAMPLE. 


' When the age of A is under GO, and the term so 
large as to exceed the difference between it and 70 , it 
will be best, when the London Table is ^sed, to divide 
the given sum, not by the second quotient heye men¬ 
tioned, but by the cmnplemerit, or double the expectation 
of A. 

'* See tl»e demonstraUon of this rule, and also of the 
rule tliat will be given for solving tlfe next Question, in 
note (iff) at the end of this*volume. 

' The following rule derived from the solution of tlie 
11th Problem (see note (1) is rather more simple, and 
is so far preferable to the rule given above, as it has 
been obtained wfftliout the aid of Mr De Moivre.s’l hy¬ 
pothesis, which it is best entirely to exclude from tb*! 
doctrine of Survivorships. “ Divide the sum of the decre* 

“ ments of life from the age of A for the given tims, 

“ by the given time multiplied into the number of the 
“ living at the age of A, and reserve the quotient. L^t 
“ the value of the life of B for one year less than tlie 
“given term, with unij:y added,* be divided by in- 

“ creased by its interest for a year. To the quotient add 
“ the value of aa annuity on' the life ^)f B for the given 
“ term, multiply this quantity into the reserved quotient , 
“ and also into half the given sum, and the product will , 
“ be the value required.” 


EXAMPLB. 
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EXAMPLE. 

• 

Let the Table of Observations be Mr. 
Simpsons for London (see the Tables in the 
next volume). Let the rate of interest be 
3 percent. A, seven j^^ears of age. B, 30. The' 
given time 14 years. The given sum a^ioo. 
—The sum of the. decrements, for 14 years 


EXAMPLE. 

Let the respective ages of A and B be 7 and 30 years, 
the given su^i ^100, the term 14 years, the rate of in¬ 
terest 3 per ce?U. and the probabilities of life as they are in 
tlie Northampioii Table.—The sum of the decrements for 
14 years from the agf of 7 is 865 ; the number of persons 
living at that age is .5925, which being multiplied into 14, 
and 865 divided by 82950 (the product) we have .0104 
for the quotient to be reserved. The value of an annuity 
on the life of B for 13 years is 9 4.16, and 10.436 (or 
9.436 added to unity) divided by 1.03 (or ^1 increased 
by its interest for a, year) quotes 10.132; which being 
added to S.OS/j the value of an, annuity on the life of B 
for 14 years, and 20.069 (the sum) being multiplied into 
.0104, (the reserved quotient) and also into 50, (half the 
given sum) wc have 10.4 for the value required.—The 
same .value by the London Table is ^11.94, or 1. 2s. 
more than Dr. Price makes it to be. But it should be 
observed, that when the decrements of A’s life for the 
given term are equal (as they happen to be very nearly by 
tht* Ijondon Table in the present case) that the exact value 
of the reversion is obtained by this rule, and therefore 
the value by Dr. Price’s rule in this instance is one 
tenth less than the truth. This inaccuracy arises from ap¬ 
plying Mr. Moivre’s hypothesis to a Table of Obser¬ 
vations for which it is by no means suited. Had the 
•Nori'iamplon, or any other table been used, which agrees 
better with this hypothesis, the values by both rules would 
have been nearly the same. M. 

‘ from 
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from the age of seven, is 75, which, divided 
by 14, gives 5.30. The number of the living 
at seven is 430, which, divided by 5,30, and 
<s£loo divided by the quqfient, gives 1 . 12 , 
the quotient to be reserved. 

The value of an annuity for 14 years on 
the life of B, is, by Quest. VI. ().54.—The 
value of an annuity certain for 14 years, is, 
(by Tabic JI. Vol. 11.) 11.290, which di¬ 
vided by 94 . 4 , (twice the complejuent the 
life of B, by Table X/gives. 12, which, added, 
to 9-54, gives 9-00; and this again multiplied 
by 1 . 12 , the reserved quotient, gives 10.82, 
the present value in o /«<2 payment of c^ioo, 
payable at the death of A aged 7 , to B aged 
30, should A die and leave B the survivor 
within 14 years. 

The present value for 14 years of two joint 
lives, one 7 and the other So years of age, 
may be found, by the help of Tabid XII. and 
the rule in the Scholium to Quest. VI. to be 
nearly 9 years purchase; and, ,^ 10.82 di¬ 
vided by this value with unity added, or by 
10 , gives 1 . 082 , the foregoing value in an-, 
nual payments during the joint lives for 14 
years, the first payment to be made imme¬ 
diately, and the last payment at the end of, 
14 years, should the joint lives not fail. 

^ This table gives the expectations only, but it should 
be remembered, that twice the expectation is always 
(omptement of a life. See note, p, 39. 
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SCHOLIUM. 

It deserves particularly to be remembered, 
that in this method likewise may be calcu¬ 
lated, M’hat sums ought to be paid on any 
survivorship, w'ithin agiven time, of one life' 
beyond another, in consideration of anvgiven 
sum now advanced.—The following Example 
of this is a case which has offered itself in 
practice. 

• “ A person, aged 3o, has in expectation 
“ an estate which is to come to him, pro- 
“ vided he survives a minor, aged 7 , before 
“ he is out of,his minority; that is, pro- 
“ vided he should be himself living at the 
“ time,of the minor’s death, should that hap- 
“ pen before he is 21 ,—In these circuin- 
“ stances, he wants to borrow £.^1000 on his 
‘‘ expectation. What reversion out of the 
“ estate depending on such a survivorship, is 
“ a proper equivalent for this sum now ad- 
“ vanced, interest being reckoned at 3 per 
“ cent, and the probabilities of life being 
supposed the same with those in Mr. Simp- 
“sons Table of London Observations T 

ANSWER. 

It app^irs from what hhs been just deter- 
jniped, (hat for ^ 10.82 now advanced, the 
proper equivalent in such circumstances, is, 
.sLlOO to be paid, in case the survivorship 
'should take place; or, by the co?Teetion in, 
3 page 



6g 


Reversionary Annuities, k.c. 

page 35, as much of the estate as ^loo 
will buy at 3 per cent, supposing the first ren(y 
to be received iiiamediately; (that is, sup¬ 
posing the estate worth 34.3 J years purchase) 
or ^2.g\2 per annum. —By the rule of pro¬ 
portion, therefore, for .^looo the proper 
equivalent will be £g2A2 in money, or .^269 
per annum out of the estate. 

QUESTION XVI. 

“ c:£lOO will be lost to B’s heirSj should 

he happen to die after A, withiit a given 
“ time. What is the price of the assurance 
“ of it ?—That is : What is the present va- 
“ lue of c£’ioo payable at the de^th of B, 
“ provided his death should happen aftsr A's 
“ death, ivithin a given timef' 

AN’SWER. 

• 

Divide the sum of the decreriients of life 
in the liable of Observations from the age of 
B, for the given time, by the given timej 
and by the quotient divide the number of thei 
living at the age of B 5 and again, by this 
second quotient divide the given sum, re- - 
serving the third quotient. 

Find the value of an annuity on the life A 
for a number of yearf, less hy one ye^r than 
the given time, which subtract from the va^^ 

s Or rather, if the London Table is used, by the coni'- 
plement of the life of B, when his age is under CO, and tin! 
term exceeds'the difference between it and 70. 

VOf.. I. F lue 
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lue of an annuity certain for the same num- 
*ber of years. Multiply the remainder by the 
reserved quotienf, and divide the product by 
the amount of for one year, and let this 
be a S(’co? 2 (/reserved quobent. 

Again. Multiply into one another Xhc first 
resenmd quotient, and the value of an an¬ 
nuity certain for the given time; and divide 
the product by twice the complement of A’s 
life. This hist quotient, added to tlie second 
reserved quotient, will be the answer in a pre¬ 
sent single payment''. 

EXAMPLE. 


" 1 lie solihtion of tho 1 que.sticin note G at tlic end 
ot volume) aflbrds an ea^-ier anil in trcneral a inore rur- 
rect method of determining the v.alue of tliis ievt“r.‘'ion ; 
‘‘ Divide the sum of the decrement^ of life^from the age 
“ oi It for the given time by the given time multi|)lied inio 
“ the niir.iber of persons living at the age of It, and i f- 
“ serve the (juotient. Divide tlie differenee between the 
“ value of an antiuity certain, and the value of an an- 
nuity on the lile of A for one year less than the term, 
'‘Jby increased by its interest for a ye.ar. Add the 
“ quotient to the difference between the value of an an- 
nuity certain and the value of an annuity on the life ot 
“ A for the given term. Let this (juantity be multiplieti 
’ iitto the reserved quotient, and also into half the given 
“ sum, and the product will be the vtdue required.” 

Pl.E. 

Let the respective &ges of I^.and A be 40 and .10. The 
sum ,-£'100. 'Idle rate of interest 4 jxr cenl. 'Phe term 20 
{,'ears ; and tlie probalylities of life as they arc in the Nor/h- 
avipton Table.—The sum of the decrements of life in this 
table from the age of 40, for 20 years, is L597> whieli, 
divided by 3635 multiplied into 20 (or by the number of 
persons living ^t the age of B multiplied irtto the given 
term) gives .022 for the quotient to be reserped ,—'I'lie 

value 
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EXAMPLE. 

Let the age of B be 40 . Of A 3 o. The 
sem .X’loo. Rate of interest 4 per cent. 
The given time 20 years. The Table of 
Pbservations, Mr. 'Sirnpsoiis, or Table IX. 
in the next volume*.—1’he sum e-f the de¬ 
crements of life, in this Table from the age 
of 40 for 20 yearsf is 127, wliieh, divided 
by 20, (the given time) gives (). 3 . 5 .—The 
number of the living at 4 o is 229, which,, 
divided by gives 30 .06; ai\d 

(the given sum) divided by sO.oO, gives 
2.77, the first ciuotient to be reserved. 

The value of an annuity for 19 years on 
a life at 30 years of age, is 10 . 4^5 ; which, 
subtracted from 13 . 134 , (the value of an an¬ 
nuity certain for 19 years, by Table II.) 

value of an annuity certain •for J9 years is 13.134. The 
value of ai\ annuity on tlie life of A for tlie same time is 
11.134. 'the diirerence, or 2, divided by 1.04 (or .i’J 
increased by its interest for a year) tjuotes 1.923 The 
value of an annuity certain for 20 years is 13.590. The 
value of an annuity on the life of A for tlie same term ts, 
1 1.432. 'J'he dift'erence, or 2.15S l)eing added to 1.923, 
makes 4.081 ; whicln multiplied into .022, the lebeivett^ 
quotient, and also into 50, half the given sum, produces 
j£’4. 189 for the value sought.—By the London 'i’able this 
value is wliich agrees nearly with the value by 

Dr. P, ice’s'rule; and this will almys be the case when 
the lives are between 20 afd 50 years of age. tlut if one 
ot tlie lives be very voung and the otljcr very old, this 
latter rule, when the London TablS is used, will he found 
exceedingly incorrect. If the computation, however, be 
made from the Northampiun, or any other table agreeing 
better with^Mr. De Mo'tvre s hypothesis, the values, as in 
Question XV. will be nearly the same by both rules. M. 

F 2 and 
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I 

and the remainder multiplied by 2.77, giA'cs 
f.435. This product divided by i.o-}, (the 
amount of dBl ^n one year) gives 7.15 ; the 
second reserved quotient. 

2.77 multiplied by 13.59, (the value of an 
annuity certain for 2o years) gives 37.(544 • 
and this product divided by 94.4, (twice the 
complement of A’s life;, by Table X.) gives 
. 399 , which, added to 7-15, gives ^^7-55 
. the Answer; or, the value of ^ 100 payable 
at the death of B, on the contingency of his 
surviving A aged 30, and hotli dying in 20 
}t‘ars. 

It is plain, that this is likewise the sum 
that ought to be lent to B no\\', on the ex¬ 
pectation of .dl’loo, at his deatli, provided it 
should happen after A’s death in 2o years. 

This rule gives the j.ust solution in all 
cases, except when B,. the expectant, is the 
youngest of the t\^'o lives, and at the same 
time the term of ytaxs greater than the com¬ 
plement of A’s life. In this particular case 
the following rule must be used. 

Find, by the preceding rule, the value of 
‘•the assurance of the given sum for a term of 
years, equal to the complement of A’s life, 
and let this value be rcserveA. Multiply by 
one anq^ther the given sum; the value of £. 1 
to be received at the end of a number of 
years equal to the complement of A’s life; 
and the value of an annuity certain for as 
many" years as the given term exceeds this 
complement:, And the product, divided by- 

i the 



Heversioiiaty Annuities, &c. ^ 

the compleineilt of B’s life, and the quotient 
added to the value reserved, will be the tra^ 
value sought. 


EXAMPLE. 

Let the age of be 30; of A 40. The 
term 4J years; and every thing else as in 
the last Example. ,The complement of A's 
life, is, b} Table X. 39 . 2 . The value of 
.£.100 to be received at the death of B, if he 
survives A withiii 39 years, may be found* 
by tlie preceding rule to be ; the va¬ 

lue to be reserve d—I'he value of to be 
received at tlie end of 39 ^ycxirs is, by Table 
I. .2i(i(). dlie value of an annuity certain 
for 8 years, (the excess of the given term 
above the complement of the life of A by 
Table X.) is, C).733. 

And these two values m*ultipliad by one 
another, and by ^100 give 145.83; which, 
divided by 47.2, (the complement of the life 
of B) and ] (j.15, added to the quotient, ni^ke 
^£ 19 . 23 , the value sought. 

REMARK. 

As after finding the present value of an 
estate, or annuity, it is r^ecessary to divide 
that value by the aihount of in<)ne year; 
in order to find the present value of a siivi 
equivalent to the annuity; so, after finding 
the value of a sum, it is necessary to widti- 
jo/j^that* value by the said amount, in order 

tp 
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to find from it the value of an equivalent 
annuity. 

In the first example, therefore, the value ol 
an estate of per annum would be 
In the second example <^20. And this is, 
as it ought to be, the value for thi; whole 
duration of the lives, agreeably to the Pro¬ 
blem in the note p. 38’. 

In 


■ ’ The value of a term, if it fall short of the difTerenee 

hetween thc^ aire of 1? and that of the oldest life in the Table 
ol Observations, cannot agree exactly ^^■ith the value for 
the whole durtttion of life. Indeed it seldom happens iliat 
the value of an iis.mr^iiiee (unless it he extended to the eon- 
tinuance of both liws) is retpiired for sneli a term as shall 
exceed the limit of A’s life. If this ca.se, however, shotdd 
occur, its solution may be obtained from tlic lollowing 
rule : “ I'iiui hy the j)reeeding rule (sec note p. (>6) the 
“ value of the assiiranee for a te'rin of vears equal to the 
“ difTerenee hetween the age of and tli.at of the olde.st 
“ life in the Table, and let this value be revived. Find 
“ by Question XIV. the value of the fissur;uice of the 
given sum on the life of B for the whole term, and also 
“ for a term which shall be equal to the diflereiice hetween 
“ the age of A and that of the oldest life in the Table. 
“ Buhtract the latU'r from the former ; and tiie remainder 
‘‘^being added to the value reserved will be the answer.” 


i:XAM PI.K. 

Let tlic ages of B and A respectively be .30 and .Sd. 
The term 48 years. Tlie sum, tlie rate of intere.st, and 
the Table of Obscivati|?ns, the same as in the Example in 
note page tf(). —'The difference lietween the age of A and 
that of the last l^ic in the 'J'able is 40. The value of .gTlOO 
t(f he received on the death of B nfUr A in 10 years is 
,^ 17 -I.3, which is the sum to ha 7'e.'>(;rved. —Hie value of 
tm assurance on the life of B for 48 years, is .37.0!). The 
value of the same assurance for 10 years is 3p.OG. Tlie 
difference, or 2.03, being added to 17A3, the sum icm-ved 

above. 
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[n solving thk Question, care also must be 
taken not to forget thejirst Remark under 
the foregoing Question. 

In this chapter, rules hav^ been given for 
finding the values of all assurances on single 
lives, and any two In es, or any survivorships 
’ between two lives, •whether for terms, or 
.tlieir 7i:1)olc duration. In the same way rules 
may be investigated "for linding the values of 
all assurances on any three lives, or an) sur¬ 
vivorships bctVN'ccn them. Rut this is a work , 
of more dilficulty, and v^■hich requires great 
attenti(m and skill. 1 can, liowever, with par¬ 
ticular satisfaction acquaint the Reader, that 
it has been lately executed,in Ihc compleatest 
manner, by Mr. INlorgan, in his Treatise on 
the Doctrine of Annaitles and Assurances on 
Lives and Survivorships K 

CHAP. 


alx'ivc, we htive, ,£\d.']e, for die value reijuircd.—By Dr. 
Price's rule diis value .^’iy.5.5. Had the assurance been 
extended to the whole duration of the lives, tl’.e eoqcct 
value woidd have been 21.50.—Hence it appears that al- 
thuULth tlie term is rather longer than in the Exanqile givt*tit 
by Dr. Price, yet that the lalue of the assu’cnee is by no 
means the same with its value for liie whole life. Tie* 
dill'ercucc, however, is in this ease rather too great by 
both rules, but in neithei of them is the error considei- 
ahle. IM. 

These solutions to wlych Dr. Price refers, having been 
derived, like all which preceded them, from flie expet la- 
lion, and not from the real prolabilities o^life, arc liable^to 
the objections which 1 have already noticed, (see note, p. 40). 
I have, however, since the publication of the above Trea¬ 
tise, given correct solutions of all the Problems involving 
three lives*in the survivorship; which the Reader may see 
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CHAPTER II. 

Containing an Application of the Questions in 
the foregoing Chapter ti> the Schemes of the 
Societies in Great Britain, for making As¬ 
surances on Lives and Survivorships, and 
for granting Annuitich to Widows, and to 
Persons in Old Age. 

SECT. I. 

Of the London Annuity, and the Laudable 
Societies for the Benefit of WidowsK 

J. HE scheme mentioned in Quest. VIII. 
was nearly that with which the London An¬ 
nuity Society set out in J/Ss. The Laiid- 
ible Society wks established in 1761 , and 
formed on a similar plan. In both, the an¬ 
nual contribution of every member was five 
guineas, payable half yearly; and for this a 
title was given to an annuity of £20 to every 
“widow during widowhood, if the husband 
sfter admission, lived one year according to 
the first scheme; or three years according to 


in the several volume^ of the philosophical Transactions 
for the yeah 1789, 1791, 1794, and 1800; and the ge¬ 
neral rules, deduced from these solutions, are inserted at 
the end of tliis volume. * M. 

’ It must be remembered, that this section has in view 
the state of these sopieties in 177 I 5 or at the time of the 
publication of the first edition of this tract. 


the 
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the"' second; oY .^30, if the husband lived 
seven years, according to both schemes; aivd 
^40 according to fhejirst scheme, if he lived 
15 years, or 13 years, according to the second. 
—In both schemes also, there was no other 
premium or fine required, than five guineas 
extraordinary, at admission, from every mem¬ 
ber whose age does not exceed 45. The 
Laudable Socic/y acfmitted none above 45,and 
the London Annnuity Society obliged every 
person between 45 and 55 to pay, at admis‘ 
sion, five guineas extraoixlinary, «for every 
year that he was turned of 45. 

These were the main j^irticulars in the 
schemes on which these Societies were form¬ 
ed ; and, therefore, both of them, vvjere the 
annuities to be enjoyed for life, received 
(supposing the members all under 4G at ad¬ 
mission, and of *the same* ages 'wdth their 
wives, and money at 4 per cent.) but little 
more than three-fifths of the true value of 
the annuities; or about one half, supposing 
wives, one with another, l o years younger 
than their husbands ; as appears from Ques¬ 
tion vni. 

It appears further in that Question, that, 
supposing the annuities to be lije annuities, 
and men and their wives, of equal ages, the 

In this society a member wfio live# but one year,,was 
entitled to no more than an annuity of aS' 10 for his widow y 
if he lived two years, to ^ 15 ; if he lived three years, to 
^10; four years, ; seven years, ^30; ten years,^ 

.^35; tliiiteen years, ^'40. 

expectation 
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expectation to which an annical payment ol 
five guineas beginning immediately, cntitlo, 
is nearly £ l -1 if the contributor lives a year, 
and .£‘20 if he livfs seAcn years ", taking the 
medium between the hoiidon and the other 
Tables of Observations. 

It is likely, that many persons wilt be very 
unwilling to believe, that these schemes could 
have been so deficient as they have been now 
represented. I will, tberefpre, endeavour to 
prove thisin a way which, though less strict, 
is sufficiently decisive,and may be more lik<dy 
to be intelligible to persons unskilled in ma¬ 
thematical calculation.—I shall here coniine 
myself to the scheme of the London Annnitjf 
Society. The differences between it and the 
scheme of the Laudable Society are inconsi¬ 
derable, and what shall be said of the one 
will be fully applicable to the other. 

According to this scheme, as it has been 
just described, all that live 15 years in the 
society will be entitled to annuities of £.40 
annum, for their widows. Suppose the 
whole society, at admission, to be men of 40 
ySars of age, taken one with another. A 
person of this age has an even chance of liv¬ 
ing 23 years; and he has an even chance of 
continuing wdth a wife of the same age, (that 

"‘The same aimtutl pajlnent will, on tlte same supposi¬ 
tions, entitle to d' 14 if a member lives a year, and L IS 
if he lives three years. 

is, 
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is, of continuitfg in the society) 134 yeai*s®. 
Not mucli less, therefore, tlian half thp 
members will continue in the society 15 
years; and, consequently,! not much less 
than half the widows that will come upon 
■the society will b’e annuitants of 10 per 
aniium. These widows, however, being 
older than the rest when they commence an¬ 
nuitants, willcontinfie on the society a shorter 
time; and, therefore, the number constantly 
in life together,, to which they will in a. 
course of years increase, will be pfoportion- 
ably smaller. Putting every thing as favour¬ 
ably as possible, let us suppose, that out of 
20 annuitants constantly on the society, jive 
will be anmfitants of dB4Q, six ol*^3o, and 
nine of ^^20. To 20 annuitants then the so¬ 
ciety will pay <^560 per annum, or the 20th 
part of this sum, tiiat is i£,'2,S> to every annui¬ 
tant at an average. But such an annuity for 
a life at 4o, after another equal life, provided 
both survive one year, is worth, (by Quest. 
TILp.23.) in a single present payment, r.^85 
nearly, according to the London, and all tll^ 


o This is the cxdct truth acco ding to Mr. De Moivre’s 
liypotficsis, and tlie Norivuk Table. But according to 
Dr. Halitnfs and the Norlhamplon Table, a man 40 years 
oi’ age lias an even chance of living no more than 2‘i 
years, and of joint continuance with a wlfe*af the same 
age. 13 years. — Forty must be more th-yi the mean age of 
tiic members of the society at ifdmi^^sion, and on this’ac- 
coimt the number of annuitants of g'40 must be propor- 
tionably greater. TiiC mean age, therefore, lias been taken 
very moderately. 


Tables 
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TrWes of Observations, interest being all 
^long supposed at -4 per cent. 

It cannot appear improbable to any one, 
that this should ha the true Aalue of such a 
teversion. It is not probable, that there is 
any situation in which ‘the decrements of 
life are such as can make it a tenth ])art more 
or less. ^85 in present payment is the same 
with ^^3...8s. per anyitiM{or ever.—But is an 
annual payment of live guineas, which must 
‘Cease as soon as either of .two lives each 4o 
fails, equal in value to such a perpetuity ? 
Every one must see, that there is a great dif¬ 
ference.—A set of marriages between per¬ 
sons all 40, will, according to the probabi¬ 
lities of life in Dr. Halleys '^J'able, last, one 
with another, 15 years?; and an annual 
payment beginning immediately, during the 
joint continuance of the liTcs of two persons 
of this age, is worth'' lo years purchase‘5. 

P See the beginning of Essay I. 

••.The value of such an annual payment, by Table XII. 
or the Londoji Observations, is f>.l; and 10.8, by Mr. 

Moivre’s hypothesis.—I have not taken into this ac¬ 
count the five guineas paid at admission, because it is 
«bviously of too little consequence to make any consider¬ 
able difference. The allowances I have made in favour 
of these schemes are more than equivalent to it. In par¬ 
ticular, it should be remembered, that the calculations 
suppose, tb^it tlic paymfnts requiaed by these schemes, are 
yearly payments beginning immediately ; (see p. 29.) and 
tliat the first pa\tncnt (\f the annuity is not to be made 
till the end of the year in wliich tlie husband shall die ; 
and also, that tlie annuity is to he paid yearly, and no¬ 
thing to he due for any part of the year in which the an¬ 
nuitant shall luipiirn to die. 

The 
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The comparison then, in the present case, is 
between c£*3...8,9. per annum for ever, and 
five guineas per annum for 15 years; or be¬ 
tween an annuity of cdsi-.-Sj.'. worth 2r» 
years purchase, arid an annuity of five gui¬ 
neas worth only lo years purchase. 

But tothrowthis subject into anotherlight; 

Let the miinber to which the societv is 
kept up be supposecl to be 2oo. It lias been 
demonstrated in Quest. 11. that at least half 
xliis number of widows will in time come to* 
be constantly on the society; and it has also 
been just now shewn, that the mcxhum of 
annuities payable to them, .will be at least 
.X’2B. After a course of )ears, then, the so¬ 
ciety will have a constant expenee to bear of 
800 per annum. —But v^ hat will be its 
income.^—In order to determine this, we 

must consider, iliat there are two sources 

» 

from whence its income will be derived. 
First, the annual jiayments of the member.s. 
And, secondly, the money accumulated, or 
the capital raised during the time tlie nurriber 
of annuitants is coming to a maximum.— 
The first of these sources affords iooo gui- 
neaSj or per annum. This wants 

of the annual expence just men¬ 
tioned; and, therefore, i 14 order that the in¬ 
come of the society may be equal t«> the bur¬ 
den upon it, when the apnuit Jnts come tp a 
maximum, there must be a fund raised in the • 
mean time equal to .,^43,750, or to an estate 
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in perpetuity of 381750 per annum. —But 
c ^£1050 per annum beginning immediately 
and forborn 25 years, and improved, with¬ 
out loss or delayall that time at 4 per cent. 
compound interest, will but just raise such 
a capitals There is therefore, the fullest 
proof that the scheme I am considering 
is extremely deficient. The truth is, that 
scarcely a third of such a capital could be 
raised, as will appear from the following ob- 
‘servations. 

Out of 200 persons, all 40 years of age, 
more than five, according to the London 1 a- 
ble of Observations, and not so many b\ Dr. 
Hatleijs Table, may be expected to die in a 
year. Suppose then five to be the real num¬ 
ber of members that will die in the first year 
of the sogety. ‘Jn subsecpient years the col¬ 
lective body of members Mall be continually 
growing older; and, therefore, the propor¬ 
tion of them that Mali die every year, will 
be continuallv increasing:, till it gets to a 
fna.rinr/nn. 1 Mill, hoM'ever, suppose, that 
during the first 20 years no more than the 
number just specified will die every year; and 
that, consecpientl}', no more than fee /cidoivs 


' Every (Juestloti of tin's kind may be easily solved by 
Ta^le jV. in tlie^iext volume, which shews, that .^'1000 
per anmtm will, in 25 years, increase to ^26GG per an- 
nnm-, and, tlierefore, .^1050 per annum to £2^00 per 
annum. 


will 
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will come every year on the society. The 
ages of all these widows, when they com¬ 
mence widowhood, will, it is evident, be 
between 40 and 60. One ^hth another then, 
they may be copsidered as having com¬ 
menced widowhood at 50 years of age. Now, 
five widows left every year at this age, will, 
in 10 years, increase to 43 constantly in life 
together, according to the expectations of 
hlc in TabU-s V, VIII, and XVII; and, in 
2 <> years, to 70Suppose the true numbef 
alive together at the end of 20 j*ears to be 
otdy t)2. The greater part of these will be 
annuitants ot\d ^30 and i£ t(\per mm. and the 
rest .£20. Were the former only equal to 
the latter, the medium of annuities payable 
to them would exceed c£ 25 . Suppose then 
this medium to be no more than and it 

will followg that, at the Cnd of.20 years, 
the society will have an. annual rent to pay 


^ Every calculution of tliis kind is easily made by tlie 
rule in note (A) at tlie end of this \olunie —1 have put 
the number livinjf toifetlier at the end of ;20 years at 0^,' 
not only that tlie reader may be lietter satisiied tliatl have 
kept low enough, but also to make an allowance fyr 
such widows as will be left by those members who die 
within a year after admission, and who, therelore, accord¬ 
ing to these schemes, will he entitled to no annuities. 
This allo\vance is too l^rge ; Fof, after the first year ol 
the scheme, it will not luqipen above once in*4 or 5 years, 
that the death of a member will be circumstanced, 
supposing the probability that a man at 40 will live a. 
year, to be, as all but the London Tables make it, 50 
to 1. 


of 
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of ^26 multiplied by 62, or i^l6l2; and, if 
then able to bear such an expence, it must, 
in the intermediate time, have acquired an 
increase of incoiite equal to the difference 
between ^ 1 05 0 and ^ 1612 per ami. That 
is; it must, with its savings, have accumu-*’ 
lated a stock equal to ^502 per ann. and 
worth 5 ^ 14 , 050 . But as, during this time, 
there will be a number*of annuitants con¬ 
stantly increasing, to whom yearly payments 
must be made, the savings cannot cer¬ 
tainly be ©ne half of what they would have 
been had the society been all the time 
free from all burdens. Suppose then the 
stock produced by these savings, to be ctpial 
to the i^tock that would arise from an income 
of ^1050 per ami. beginning immediately, 
and improved perfectly at 4 per cent, com¬ 
pound interest, ‘for half the time I have 
mentioned, or for 10 jj^ars, without being 
subject to any cheeks or dediictions: Such an 
income thus improved, would in lo years 
produce an additional income of £[>04 per 
^nuni, or a capital of £ 1 2 , 0 ‘oo.—According 
to these Obsen^ations, therefore, the annual 
income of the society at the end of 20 years, 
and before a third part of the highest annui¬ 
tants could come ppon it, would fall consi¬ 
derably short of its expences. About that time 
th(jn it wouldnece^sarily run aground; and 
•long before the number of annuitants could 
rise to 100, it would spend its whole stock. 
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and find itself •under a necessity of eitliCT 
doubling the annual payments of itsmembers* 
or of reducing the annuities one half. 

All I have now sUid is meant on the sup- 
positiort, that the society begins with 200 
members at 40 yearS of age, and is afterwards 
’limited to that number, by admitting no more 
.new members than will just supply the va¬ 
cancies occasioned the loss of old rtiem- 
bers If it is allowed to increase, it may 
Continue a longer time. And, for this rea¬ 
son, a society that Wants half the income 
necessary to render it permanent, may very 
well subsist, and even prosper for 3 o or 40 
years.—-Thus, the Laudable Society, was it 
to keep to its present number of'members, 
might possibly feel no deficiencies for 20 
years to come; but if it should continue to 
increase at the rate? of 70 or. 80 every year, 
it would, at the end of that time, possess a 
balance so much in its favour as might en¬ 
able it to support itself for 15 or 2 o years 
more‘. But bankruptcy would come at last, 

anif 


‘ What has been before demonstrated in Question III. 
should be here recollected, that the number of annuitants 
on such a society as this, must go on to increase for more 
than 100 years after acquiiing ifs greatest number ol 
members. 

The Laudable Society, I am informed, took its rise 
from a calculation contained in a pamphlet entitled, The 
Lomhility and Probal/ility of a Sciikmb inlcmded for the 
Benfl 0 / IVidows being able to suppoi t Hodf. The scheme 
here referred to, is the same w ith that which this Society 
VOL. I. G has 



82 


Of the London Annuity 

and with the more weight the longer it had 
been deferred. 

The rule in tlyj London Aniudfji Society, 
which obliges every person between the ages 
of 45 and 55, to pay at admission 5 guinea^ 
extraordinary for every year that he exceeds 
45, is an advantage to it, but it is a very ^ 
inadequate, and also a rery unequitable ad¬ 
vantage. For at the same time, that it 
obliges a person 55 years of age, to give 
more than the value of his expectation, it 
takes above two-fifths less than tlie value 
from a person who is 45 years of age. 

If any persons remain still doubtful about 
what 1 have said, I must beg their attention 
to ond further argument. 

It must be expected that every other mem¬ 
ber of these societies, siipposing them to 
consist of persons all of the same ages v ith 
their waves, will leave widow s to whom, one 
vith another (as already shewn), at least jL‘28 


.jTas since followed; and I am alraid 1 shall not he credited, 
when I say, that the calculation to |)iove its cajiacity of 
supporting itstlf, is founded on the sup])osiiion, that a 
hundred married men, whose common age is 36, will 
leave but one widow every year, though at the same time 
it is supposed that two of them will die every year. 

Tills mistake has mSde the wliolc caleulalion one half 
wrong.—Nlithing can he plainer than that, if the deatli 
of,.a married m.n does not leave a widow at the end of 
the year, the reason must be, that both himself tmd his 
wife have happeind to die in the year. But it is always 
very improbable this sjiould happen. 
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per ann. must l>e allowed, for as manv years 
as there have been payments from eacli meiiir 
ber. For every lo guineas then received 
they must some time or other hereafter p;;y 
ljut let it be well considered what 
tan enable them to do this. Did money bear 
no interest, for any given sum now received, 
tlup could not afford at any time hereafter 
to pay more than an equal sum. That is; 
(since the duration of survivorship is in the 
present case, by Question II. equal to the 
duration of luar'riage) the proper considera¬ 
tion for any given reversionary annuity, to 
be allowed to all the survivprs of a set of 
marriages, would be, an equal annuity pay¬ 
able by each marriage during its existence; 
and just half the reversionary annuity, if it 
is to be allowed only to half the survivors, 
or to widows excltisive of widowers. The 
annual paymient then of five guineas, during 
marriage, can entitle widows to no more than 
an annuity of ten guineas, supposing money 
to bear no interest. But if money does bear 
interest, the same payment will entitle them 
to mort', in proportion to the degree in 
which it is capable of being improved, 
during* the time between that in which the 
annual payments begin, and the commence¬ 
ment of widowhood. ISow, it is *ea^ to 
see, that unless money be^rs very hi^ ior 
terest, this improvement cannot be liWy in 
any circumstances to produce a capital, the 
interest c/f which shall be equal t,o the annual 

G 2 payment. 
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payment itself. Any given annual payment 
perfectly improved at 4 per cent, compound 
interest, requires years and a half to 
double itself, supposing the first payment 
made immediately^. But no marriages are 
likely to last so long, except those among 
persons who are very young. A marriage 
between two persons, both 40 , will not pro-, 
bably last longer than 1S years, according to 
the probabilities of life in Dr. Halleys Table. 
A marriage between two,,persons, both 50 , 
will not. probably by the same Table, last 
longer than eleven yeafs; nor a marriage be¬ 
tween two persons, both 30 , longer than iG 
years. Such marriages, it is true, may pos¬ 
sibly Dst 'dO or 40 years. But this circum¬ 
stance is more than balanced by the fact, 
that no less possibly they may not last otie 
year. The annual payments, then, being 
incapable of such an improvement as shall 
produce an additional income equal to them¬ 
selves ; it is obvious, that no society ought 
to go so far as to allow to widows annuities 
'tndce as great as those which might be al¬ 
lowed, supposing no interest of money’'; so 


“ At 3 per cent the period of doubling money by 
compound interest, nearly 23 years and a half. At 
5 per^nt.'*\A years. 

money accumulated will not be exactly the 
that to which the annual payment would in- 
inriproved at compound interest for a number of 
,equal to tliat which the joint lives have an crywa/ 
%hce (i existing. Much less will mcrease be the 

same 
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far, for instance, as to allow, instead of i o 
guineas, 2o guineas for an annual paymeni 
of five guineas. In the circumstances of 
most of these societies thrfee-fifths addition 
may be the full allowance. That is; sup¬ 
posing the annual payment of each member 
to be five guineas,‘time may be expected 
for gaining from hence a capital of 75 
guineas, or tliat shall produce three gui¬ 
neas per annum intere.st; and the proper re¬ 
versionary annuity will be l6 guineas; or* 
six guineas more than the proper rewrsionary 
annuity, did money admit of no improve¬ 
ment'. 

d'he 

■sanip with tliat wliich vvovild arise from the annual pay¬ 
ment forhorn, and improved, for a nnml)er of years equal 
to die expf'clatloiis of tile joint lives.. It will be less tlian 
either of these, for a rcasoi; explained in note* (K) at the 
einl of this volume. 

• 'I’o tlicse aeconnts may be added the following short 
and easy method of trying the sufficiency of all schemes 
of this kind. • 

In an adequate scheme it can make no diirercnec 
whether the annuities themselves arc paid, or the value of 
them in a single payment at the time they become due.—■ 
Suppose then a society just e.stablished, consisting of GOi? 
jut-mbc'i's, all married men at the age of 10, each of whom, 
besidiBs one payment in hand, is to make an annual pay¬ 
ment of tive guineas. Sujiposc jlie age of their wives 
091, and every widow *to be entitled, on |he day her 
husband dies, to a life annuity of j£’20, the first jinyment 
to be made at the end of half a»year.—Suppose furtlA'r, 
that the society is to be kept up for ever to 600 members 
by admitting new ones at tlte age of 40, as old ones drop 
olf—In tlve first year (according to 'i'ables V, VIII, and 
XVII, in the next volume) twelve nreihbcrs, at least, 

will 
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The preceding observation?! have gone on 
tjie supposition, that the reversionary annui¬ 
ties arc to be for life. What ditierenee in 
favour of these societies arises from the cir¬ 
cumstance, that the annuities are to be paid 
only /or iridotvhood, cannot be exactly deter-" 
mined. Some iiidgmenf, however, may be 
formed of it from what has been said at the 
conclusion of Quest. II. Were even one half 
of the widows to marry, still the schemes J 
■have been considering would probably be in- 
sutiicient.. But, in the circumstances of these 

societies, 

nill tlic, and leave twelve, widows, earh iiititled to d^‘‘20 
per aiwum. The value of such an anmiitv to eonimencc 
at the en'd of half a year, the acre being -10, is 1-1 ^ years 
purchase by Mr. De A'a/ere’s valuation of lives, (or T;i- 
blo VT V^ol. I].) reekoiiiiig interest at 3 j>fr cent. The 
\alue, therefore, of i.g such aniiurtics; that is, the whole 
auiount of rlie sums becoming, payable during the course 
of the first year, is .£;t-l<SO.—'I'he annual contiibution is 
t!00 times 5 guineas, or .s^oloO, and tliis, together with 
its interest for .aliout half a year, or ,i.l20S, is all that 
such<3 society could be possessed of to bear an annual 
e, 5 nencc of ,^.1480. It ag'pears, Iheretore, that, in order 
to sujijKirt the expeuee, ot the supposed annuities, the 
annual contribution of each member ought to have been 
iflore than five guineas. 

A proof of the same nature w ith that here given may 
be deduced, by considering these societies as bodies of 
men united for the pmpose of assuring to one another, 
from year t(^ yoar, annuities for’’their widows; and the 
way of finding the value of such an assurance is, to inul- 
tijily the value of the annuity, by the probability that it 
will become payable in the course of the year. For in¬ 
stance, Let the member’s age, and also his wife’s, be 40. 
I>et the annuity be it 20 per ann. for life to eonpnence at 
the end of :i year,* or an annuity whose present value is 

(reckoning 
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societies, it cannot be expected, that above 
one in 10, or perhaps one in 20, v.dli marry* 
The persons most likely to enter into tliem, 
are such as have not the prbspcct or ability 
of making competent provisions for their 
\vidows in other ways. The widows left, 
therefore, will in general be unprovided for, 
•and, being also left with families of children, 
it is quite unreasonable to expect, that any 
considerable proportion should marry. This 
is true of such as may happen to be left 
young; but when a society has subsisted some 
time, the greater part will iiot be young when 
left, and these, at the same tjme that no ad¬ 
vantage can be expected from their marrying 


(reckoning interest at 3' per cent.) 14 years purciiase ; 
that is, ^'280. The jjiobahilily tliat a person at (he age 
of 40 will die in a 3 'car, »and that his j^ ife of the same age 
will live a year: or, in othep words, the probiAility, that 
sucli a member will leave a widow in the couise of the 
year, is, by the Breslcnv Observations, (or Table V, next 
volume) multiplied by o'" .0198. (See |)age 18, 
:md Cl.) 'that is; there will be the odds of nearly* 49 
to 1 , against such a member leaving a widow' in the. 
course of the year. The value of the assurance, there-' 
fore, is .0198, multiplied by 280, or the .SOtli part of 
.af’280: that is, :L 5 ... 1 Is. in the same manner the value' 
of a like assuranee for a year at any other ag« may he 
easily calculated. At the age of 35, it is At 

the age of 45, it is 'I’l^e value, therefore, in¬ 

creases eoniinually with Sge; and, if given iy an annual 
payment constantly the same, which is the case in these 
societies, it ought to be greater tlvjn the annual paymewt 
due for one year at the commencement of the assurance. 

Five guineas per annum, therefore, is, demonslrablfi, 
an insufficient payment from a married man for a life-, 
annuity of to his widow. 

will 
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\vill be in general the highest annuitanl;s, and, 
therefore, the heaviest burdens. —IVInrepver, 
the prospect of the loss of their annuities 
Ayill have a particylar tendency to check ipar.- 
riage among them—For all these reasons it 
seems to me likely, that the benefit, vyhich. > 
these sQcieties will d^rtve from marriages 
among their annuitants, will not be very com 
siderable; or, at least not so considerable as, 
to be equal to the advantages 1 have allowed 
them, hy calculating on the suppositions, 
that the naonej they receive will be always 
ini proved perfectly, without loss or delay, qt tlu} 
rate of 4 per cerit. compound interest; that the 
probabilities of life among males and females 
are the same, and all husbands likewise of the 
same ahes with their wives, and that con¬ 
sequently the maximum of widows qn such 
societies can ampunt to r>o more than half 
the number of marriages'.—With respect to 
the last of these suppositions, it deserves to be 
particularly observed, that from accounts 
talcen annually with great care in Scotland, it 
appears, that the widovv-s of the ministers and 


*''* Care should be taken in these societies, not to judge 
of the proportion of widows that will marry, from 
the proportion that may happen to marry during their 
first years. For most of ,the widows that will be left at 
first will l)e yyung; whereas the greater part will not be 
young when they commence widowhood, after a society 
has cubsisted 30 or 40 yerrs; and, therefore, though one 
hi three or four should marry at first, it will not be rea¬ 
sonable to expect, that half so many shouW many after 
the afikirs of the society become stationary. 

professors 
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prqffissops theN * notwithstanding the dimi¬ 
nution occasioned by their marrying, do ck- 
ceed considerably half the number of mar¬ 
riages* And certainly it Would’ be unreason¬ 
able in these societies not to reckon that tlie 
same will happen among them.—Indeed it 
seems certain, thaf notwithstanding the ha- 
Ziards that attend child-bearing, the proba¬ 
bility that the woman shall survive in mar¬ 
riage, and not the man, is-much greaterthan 
is commonly imagined. It will be shewn iri 
the second Essay, that it is not less than the 
odds of 3 to 2; and had I calculated agree- 

“ The number of married ministers aijid professors, 
for 17 years, from 1750 to 1760, was at a medium 667 . 
And from the enquiries that have been made, it appears, 
that from thi,s whole body near 400 widows constantly- 
livipg, aye. derived. The nvedium of widows left an- 
nualty has, for the last 36 years, been 19^'^; and, for 
10 yeai-s, ending in the ^ear 176/, but nine of these 
laid manied.—Of the annuitants likewise (about 160 in 
number) op, the fund established among the Dissenters ip 
London, for relieving the widows of indigent miijistci's, 
it is found that few ever marry. Sec the 2d Seetuin of 
this Chapter. See likewise the latter end of the 2d Essay; 
and note (A) at the end of this volume.—In the iMndaik 
Society during 19 years from 1/61, the nmnlier of widows 
that came upon the Society w'as 167; and of these ony 
13 had married at Dady-day 17 B 0 . Fourteen Imd died. 

** Partly, as observed in page 8, on account of the 
greater mortality of males, bu^ chiefly on account of 
the excess of age on thd man’s side.—Tlic I^audable So-. 
ciety, for several years after its institution, paid np regard 
to this excess of age ; and the allowance required on >his 
account by the,Lowiiow Annuity Society was so trifling as 
to deserve no nptice. 

In March 17 H 0 , 167 husbands had died in xhe-.Lmdailc 
Soiiety, and only 138 wives. 

ably 
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' ably to this fact, the values of annuities for 
widows, would have been given near a quar¬ 
ter greater than they have been given on the 
supposition, that the chance of survivorship 
is equal between men and their wives.—li 
must be added, that 1 have made no account 
of any expences attending the execution and 
management of the schemes of these societies. 
Some sxich expences there must be, and some 
advantages should be always provided in or¬ 
der to compensate them. 

There are in this kingdom many institu¬ 
tions for the bei\,efit of widow's, besides the 
two on which I have now remarked ; and in 
general, as far as I have had any information 
concerning them, they are founded on plans 
equally inadequate, having been formed just 
as fancy has dictated, w ithoht any knowledge 
of the principles on which the values of re¬ 
versionary annuities ought to be caVulated. 
The motives which influence the contrivers 
of these institutions, xm:v he laudable ; but 
they ought, I think, to have informed'them¬ 
selves better. This appears sufflciently from 
w'hat has been said; but 1 will just mention 
one further proof of it. 

The LoyidonAnnv'itij Society promisesthat, 
if in 21 yes.rs; and the Laudable Society that, 
if ip 2 ft years, it sl:\gll appear that there has 
been all along an annual surplus in favour of 
the societies, it shall be employed in either 
raising the oum/itics, or in sinking the 'annual 

payments. 
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payments. Now, they may be assured, that if 
at the end of these periods, they should not 
be possessed of a'considerable surplus, the true 
reason will be, their having granted much 
higher annuities than the annual contribu- 
•tions are able permanently to support. I'or 
it has been demonstrated, that the number of 
annuitants, and consecjuentI\' the amount of 
the annual expences* will go on increasing for 
a long course of years beyond tliese periods. 
'Fhc effect, tliereforc, of carrying into exc-' 
cution this regulation M ill be, jueeipitating 
that bankruptcy which M’ould have come too 
soon had there been no such. rcLiuiation. 

It has been said in defenec ot these socie¬ 
ties, that the deficiencies in their pfans pannot 
be of much consequence, because their rules 
oblige them to preserve a constant equality 
between tlufir inc'ome and expences, by re¬ 
ducing the annuities as there shall be occasion. 
And from hence it is inferred, that they can 
never be in any danger of a bankruptcy.— 
J3ut it has appeared, that the time M-fien 
they will begin to feel deficiencies is so» 
distant, that it muII be too late to remedy past 
errors,M’ithout sinking the annuities so much, 
as to render them inconsiderable and trifling. 
All that is given too nn^ch toan¬ 
nuitants is so much taken aM ay fY(jm future 
annuitants. And if a schenjc is very deficient, 
the first annuitants may, for 30 or 40 jmars, 
receive so much more than they ought to 
receive, ’as to leave little or nothing for any 

M'ho 
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who come after them. Deficient schemes, 
therefore, are attended with particular in¬ 
justice ; and this injustice will be the same, 
if, instead of reducing the annuities, the an¬ 
nual payments should be increased; for all the 
difi'erence this can make will be, to cause the' 
injustice to fall on future conlrihutoi% in¬ 
stead of Jilture annuitants. 

But what require’ most to be considered 
here is, that, after either the annuities have 
"been for some time in a State of reduction, 
or the cohtributions in a state of increase, it 
will be seen that these societies have gone 
upon wrong plans, and, therefore, they will 
be deserted,,and avoided; the consequence of 
which will prove still greater deficiencies in 
their annual income, and a more rapid deser¬ 
tion and decline, till a total dissolution and 
bankruptcy tak^‘' place.—■'iTiis will be the 
death of most of the present societies for pro¬ 
viding for widows, if they continue to be en¬ 
couraged, and do not soon alter their plans: 
And at that period the number of annuitants 
Will be greater than ever; who.se annuities, 
having no other support than the poor re¬ 
mains of a stock always insufficient, will be 
soon left, without the possibility of relief, to 
lament that ignorance and credulity which 
gave rise 'to these societies, and which had 
so'long supported them. 

In tlie London Annuity Society, there is aji 
encouragement to bachelors and widowers U* 
join them, arising from the additional an- 
3 unities 
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nuities to which they will be immediatehj 
entitled, when they marry, in consequence 
of having made their payments a greater 
niimher of years; and it j;? imagined, that 
particular advantages will be derived from 
such meml'(*rs. But even these will in ge¬ 
neral pay much less* than the value of their 
ex]i'‘ctati ms.—A person who begins an an¬ 
nual contribution cf' five guineas at the age 
of 24 , will, should he live 11 years, and 
marry a woman of the same age at the end 
of that time, entitle her immediately to ,5^35 
per ann. during survivorship, and to ^ l 1 per 
annum should he live four years after marry¬ 
ing, (interest being at 4 per cent.) ^ In this 
particular case, therefore, a person will pay 
nearly the true value of his expectation. But 
all at all ages who marrjj, in less time than 
11 years after admission, lyill pay less than 
the value of their expectations. 

‘ The value of five guineas per annum (first payment 
made imnicHliately) for 11 years, subject to failure should a 
life now 2! fail; and, after 11 years, for tlie joint lives 
of two persons both .35, is, by the Table of London Ohs^ 
servations, j€’C9..S-~By Dr. Halley’sTahlc, .^6.44 — ^The 
present value of ^’35 per annum for life to the widow of j 
person now 24, should he live 11 years, and marry a wo¬ 
man of the same age with himself at tlie end of that time; 
and also of more, or .^’41 per annum in all, should he 
live after marriage four years; is, by the Table of London 
Ohservat'ons, —By Dr. Halley’s TaUe, 


SUPPLEMENT 



9-4 


Of the London Annuity 


ScppLEMENT to tlic preceding Section ; con¬ 
taining a fiirilu-r Account of the Societies 
for the Benefit of IVidoivs. 


Of the LoxDOJsr Annuity Society. 

In the preceding Section*, the reader has seen 
on what very incompetent plans the two So¬ 
cieties, which are the subject of it, have 
been formed. Some changes have taken 
place in them since the last edition of this 
Treatise, of which it is necessary I should 
here take notice. 

'^Fhe Loisdon Annuity Society, consist¬ 
ing in January 1/81 of 32(3 members, has 
so far reformed its plan, as to be now in lit¬ 
tle danger. Besides ordering a compensation 
for ditference of age between husbands and 
wives, it determined, in 177*1, not to engage 
to pay a higher annuity than dC20 to widows 
if their husbands had lived a year after ad- 
Qiission, for a contribution of lo guineas in 
hand, and five guineas per ann. a'fterwards. 
At the same time, however, room was left 
for expecting that some additional annuities 
might be paid to tlje widows of such mem¬ 
bers as sfipuld survive 1 !> years in the So¬ 
ciety ; but what the additions should be, was 
Jett to be determine‘d at the end of 15 years 
from the establishment of the Society. Ac¬ 
cordingly, 


1 
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eordingly, last year some able judges were 
consulted; and, if 1 am rightly informed, 
the result has been, that tlie Society has 
agreed to promise for the, same contribu¬ 
tions an addition to the ^£’20 annuity just 
.mentioned, of X 4 ’ per ann. to widows, if 
their husbands have been members 15 years 
or more. 

He that will consider the demonstrations 
in the foregoing Section, or compute agree¬ 
ably to any table, of the decrements of life 
by the Rule in Question X. may assure 
himself that a contribution of ten guineas 
in immediate payment and five guineas every 
year after the first, is scarcely a sufficient 
support for an annuity of £20 ‘‘during life 
to widows, supposing husbands and wives 
of the same ages, and money improved at 
an interest of 4 per cent .—JBut money may 
now be improved -at a higher 'interest. 
Some advantages also must be derived from 
making the annuities payable for widow¬ 
hood only; and on these accounts, such a 
contribution may safely enough be reckoned 
a proper payment for an annuity of ^20 
as it is offered by this Society. But it 
cannot, wdthout danger, offer more; parti¬ 
cularly, as it is certain, that the lives of 
women in general,’and more especially of 
women in the advanced stages ot life, are 
more durable than the livds of males. 

The additional annuity, however, not be¬ 
ing of iiiore value than about three guineas 

and 
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and a half in a single payment at entrance,- 
the Society may possibly find itself capable 
of paying it, provided the contributions for 
supporting the saheme (namely ten guineas 
at entrance and five guineas per am. from 
every member, besides a‘just compensation 
for the excess of his age above that of his 
wife) are not loaded with any of the ex- 
pences of management‘s 

SECT. 

In the yj^ar 17^0 this Society referred the examina¬ 
tion of their diFairs to Dr. Price and myself, at which time 
their number consisted of 328 members, and SS widows 
claiming annuities to the amount of £190 ']—their stock 
invested in the 3 percents, amounted to ^; the 
dividends on vhich together with the annual premiums, 
exceededt. their expenditure by ^’2000 a year.—In con¬ 
sequence of our joint opinion and advice, it was then de¬ 
termined to increase the annuities to widows .^1 for every 
year that the husband should live Ijryond 2*1 years, so that 
if they lived to make* 50 payments the annuities should 
amount to £t>0 .—Since that period another investigation 
took place in 179H, when it appeared that the Society con¬ 
sisted of 302 members and 132 annuitants clain\ing 
£‘S'2p4 per annum —that their stoekin the three jicr cents. 
amounted to £’93,000, that their annual income exceeded 
their expenditure by more than -i'lOOO, and, on the sup¬ 
position that this capital was worth ]5 per unit, or the 
ji'ioney nearly which had been paid for it, that they pos¬ 
sessed a surplus of £l 1.735. 

Whatever ohjeetioti may be made to this method of 
estimating their capital, it is eviilent, if the money had 
been invested where it could sufllie no diminution, tiiat the 
affaii's of thelSociety would have appcaired to be in a very 
flourishing condition. The public funds, however, since 
.the year 1708, have so improved in value, that if the 
stock were now sold it would produce nearly the 
sum whieli was originally paid for it, and therctore no 
rfcasdtlbblc doubt ,cao be cutenained at present of the So¬ 
ciety’s 
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Further Account of the Laudable Society for 
the Benefit of Widoius. 


J. HIS Society affords a melancholy proof of 
the pernicious tendency of that disposition 
to form annuity societies which prevailed 
some time ago.—In consequence of a peti¬ 
tion to Parliamcnf: in 17 / 4 , from many of 
the most respectable members, it reformed 
its plan; but no arguments could engage the 
majority of the members to consent to a 
reformation which was likely to be attend¬ 
ed with any other effect than an iherease of 
calamity by postponing it. For thirteen 
years from the time of its establishment, it 
had overlooked the differeaces of agfc be- 

, O 

tween men and their wives, and gone upon 
the plan mentioned in page 72.—In 1774 , a 


ciety’s stability. Indeed it is not possible that they should 
ever fall into any serious error, provided that at certain 
and not very distant intervals, they continue those in¬ 
vestigations which have been twiee repeated within the 
last twelve years. 

It may not be improper to add, that on the 1st of Ja¬ 
nuary. 1802, tlte members of this Society amounted to 
bOO, the annuitants to 134—the eaphalto 102,000 stock 
in tlie 3 per cents, the annual income, including dividends 
and prertiiums, to ^fdSOd, and the annual expenditure, in¬ 
cluding annuities and management,*to .5^^3374, or ^€*1435 
less than the income.' M. 


VOL, I. 


H 


compen- 
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compensation for the \\itb’s inferiority of 
fige was ordered to be paid by all iieiv mem¬ 
bers, and at the same time the following plan 
agreed to.—For* an annual payment of five 
guineas, the first to be made immediately/ 
every widow was entitled to an annuity 
during widowhood of ‘ 

■^‘0 if her husband hadl „ a„d aday 
been admitted } 

d£i 5 — — 3 years 

^20 if — —-6 

.£’25 if — — 8 

c£’30 if — — J 1 

.£35 if ~ — 13 

ABao if — — 15 

i 

Any one who will calculate by the rule in 
Quest. Vllf. will find that the annual pay¬ 
ment necessary to support these annuities is 
nearly , by Dr. Haller/s Table of Observa¬ 
tions, HI7, supposing equality of age be¬ 
tween husbands and vs ives, money improved 
at '4 per cent, and tlic mean age of admission 

thirty-seven -This change, therefore, did 

not deserve the name of a reformation-, and 
‘an attention to the following account will 
shew, that instead of doing good, it has in 
fact only prolonged the existence of the So¬ 
ciety to ^do mischief. 

^ From the establishment of the Society in 
1761 to 1772, it had increased to 700 mem¬ 
bers; but in April 1780, it had gradually 

sunk, 
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sunk, bv deaths'and desertions, to r>50.—^The 
whole /lumber of widows M j'lich had come 
on the Societv was then ]()8, ot whom 84 
had come upon it in six years, from 1/74 
dtT]7 ;9''; tliat is, fourteen annually. TZ/i/- 
•leen had died and fourteen had married, 
which had lei’t I ti’ annuitants, the claims 
of 133 of v, hom amounted then to .t£!3,3io 
per (11771. The claim? of the remaininj^ eight, 
reckoned at iii,’3o/)cr c/T?;/. each, will make 
^’-'40 per 07171 .; and the expcnccs of manage-’ 
ment (or sBzoo per n/?//. nearly),'added to 
these sums, will make the whole annual ex- 
pence of the Society in Aprils 1780 , ,^'3,850. 

-Its income, consisting of the interest 

of ,^ 49,090 three /ICC ce77t. stocic, ajid the 
subscriptions of 350 members at five guineas 
each, amounted at the same time to 
leavino; a tavoural/le baiancl^ of only c:^‘480. 
Supposing the Society to preserve its pre¬ 
sent number of members, and the number 
of annuitants to increase for six years to 
come only at the rate of ten annually,’ its 
expcncc at the end of the present year, or* 
the beginning of the next, will be equal to 
its income; and afterwards it will find it¬ 
self under the necessity of having recourse 
to one of the three foll-pwing expedients. 
It will be obliged‘either to run i^fto its ca¬ 
pital, or to increase its contributions, or i^;- 

® In 1780 fourteen more widows came upon the So¬ 
ciety. 
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duce the annuities.—The Consequence of 
the first of these expedients will be, that the 
capital of the Society will be soon consumed, 
and the annuitants left without supj)ort.— 
The consequence of the second will be, tlrd 
the contributions will be increasing every' 
year till, in lo or 12 years, they are doiil)Ic(f, 
and at last almost tripled. —d’he consequence 
of the last will be, thaf the annuities will 
sink every }ear till they come to be less 
'than half the annuities .promised f Such 
are the affiiirs of this infiituated Society; 
nor is it easy to apply any remedy to 
them; for in consequence of going on too 
long with an insufiicient scheme, the So¬ 
ciety has large payments to make in order 
to compensate ])ast deficiencies; and a 
scheme at first adequate would now prove 
inadequate.—Foi example^' (supposing a just 
allowance required for'the wife’s inferiority 
of age) an annual payment of seven gui¬ 
neas from every member, begun in 17 / 2 , 
when the number of widows was only 42. 
'would probably have been sufficient to sup- 
jrort the reformed scheme mentioned in 
page 98 ; but now an annual payment of 
nine guineas from the present members, and 


^ The anifuitants (should the number of members con¬ 
tinue whut ii is) cannot,increase to much less than double 
their number last year. 


of 
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of seven from all future members, would 
scarcely be sufficient. 

In such circumstances it seems best to 
Iji^rcak up, and to divide the present capital, 
yis far as it will go among the annuitants. 
IShould this l)c done, the annuitants will 
indeed be great sufferers; for, so miserably 
circumstanced is tbp Soidety, that its wliole 
stock w ill not pay much more tlian half & the 
value of the annuities. But this only sets in, 
a stronger light the necessity of an immediate 
dissolution: \ secy immediate •, for the annui¬ 
tants are increasing fast, together with the 
medium of the annuities due to them; and 
therefore the consequence of delay must 
be, extending greater sufferings to greater 
numbers. 


POSTCRIPT. 


SINCE the preceding account W'as Avrit- 
ten, this Society, convinced at last of its- 

s Tlie mean age of tlie widows now on the Society is 
not probably more than 12 or 4S. The value of annui¬ 
ties payable half-yearly during the^lives of women at this 
age, is not really so little as l.S years purchase, reckoning 
interest at 4 per cent. Supposing therefore tl^ Society to 
break up some time or other before the endaof this ye^r 
(1781), and the number of widows then upon it 1.54, the 
value of their annuities, at .^^,150 eachj will be £^'6,900, 
of which their stock, at its present price, will not pay so 
much as .5^^28,000. 

mist/iker 
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mistakes, has resolved to reduce the an- 
ifuities of such widows as iKTanie elainiants 
before the allcration in b Ix'rccut.. 
and the annuities of all the other widows, 
who are now claimants, 20 per cent. It was, 
also resolved b\ t’wo general courts, that the 
annual payments should be increased from 
five to six guineas. But, this resolution was 
revok('d by the general court in .lu!\ last; 
and a resolution substituted in its room to 
change the plan described in p. (j8, into 
one which makes it necessary that a member 
should have been admitted 3 years to emitle 
his wddovv to an annuity of ,^’10, and 7 
years to wititle her to <s£;2o; and 13 and 
20 yedis to entitle her to and ,-£'-lo.— 
Possibly this resolution, like the former, will 
be retracted byj'ome fntjire general court. 
Sliould K be confirmed, it will, in conjunc¬ 
tion with the reduction just mentioned of 
the annuities payable to present claimants, 
constitute a reformation which (supposing 
the funds of the Society not incumbered 
with any expences of management) might 
have been wear/?/sufficient tc-n or twelve years 
ago to save the Society. But it is far from 

being sufficient noiv -The reduction of 

the annuities payable to present claimants is 
too little.^ It should have been extended to 
the widows of the? old members now living, 
and the new plan restricted to members lately 
a4iifitted, and to future members; and a 

compensation 
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compensation for past? over-payments to wi¬ 
dows should have been provided''. 

SECT. 

This unfortunate Society, since the period m which 
the above postscript was \\’ritten, lias repeated its attempts 
to reform those errors in which it originated. In the 
year 1/90 tlie number of fts members had sunk to 330, 
while tlie nunilier of its antiuitants had increased to 217. 
Its annual income tdso ha^ fallen short of the expenditure 
by ,5£’17-10, iind its capital, after an accurate examination 
of its finances, appeared to lie insufficient to satisfy the 
demands upon it by .^'’30,000 nearly. Under these cir¬ 
cumstances it was determined that the annuities payable 
to the widows who were then claimants shduld be re¬ 
duced one ludj\ and that the annuities to all future claim¬ 
ants should be reduced one. fifth. At that time the 
Society possessed 000 stock m'ihc four per eml^ •, 
and had these continued at par, or at the jjame price as 
they were then estimated, it is probable that the ^Society 
would liave been spared the mortification of any further 
reductions. But in consequence of the disastrous war 
which soon ensued, this stock, together with all other 
jiroperty in the public fifnds, lost intae than 0 }>c third of 
its value—the capital of tlfe Society was diminished in 
the same proportion, and the annuities, which were 
vcarly increasing upon it, required so much larger quan¬ 
tity of stock to be sold in order to discharge them than 
the computations supposed in 171105 Oiat new alarms 
were produced, and it became necessary once more to 
h.avc recourse to retrenchment. In the year 1802 there¬ 
fore another investigation of the Society’s finances was_^ 
tindertaken, on the supposition thiU its stock Wiis then 
worth only 80 per cent, or one fifth less than it was really 
worth at the period of the former investigation, and the. 
result was such as might ^ave becit expected. The value 
oi'the jiresent and future claims was found 1| exceed the 
table of the c.apital by so that nl alternative 

remained l)ut either to break up i^ie Society, or to reduce 
tlie annuities. 'J’he former was deemed impracticable, 
and consequently it was determined that the annuities 
of the prc%ent widows, as w'ell as those which should 
fiereafter become claims upon the iiociety, should He re- 

, duct’d 
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SECT. n. 

C f the Association among f/zr London clergy, 
and the Ministers in for providing 

Annuities for their Widows'. 

In April, 1765 , the clergy within the bills 
of mortality and the county of Middlesex, 
at a general meeting in Sion-Collegc, agreed to 
form themsehxs into a society for the sup¬ 
port of their widows and orphans. Many in 
'this respectable body may be capable of do¬ 
ing, in a better manner, what I have attempt¬ 
ed in this Treatise; and they arc, perhaps, 
already sensible^of the deficiencies in the plan 
which they have established. 1 shall not 
howe^xr, i hopd, do wrong, in taking the 
liberty to recite briefly this plan, in order to 
introduce a few observations upon it. 

duced one cixth-, so that instead of 3^24, only .jf’20— 
instead of only .s£’13...6'5...8(f. per annim, &c. are 

to be paid in future. The depreciation of the public 
funds is an event for which no computation can provide, 
and therefore, as the Society’s aHairs in their j)resent 
state depend as much on the stability of those funds as 
,011 the lives of its members, it is impossible to say liow 
far this last reduction may j)rove effectual. The number 
^)f its widows amounted in 1802 to 216, but the number of 
its members scarcely amounted to half their number in 
1790 . If circumstances therefore should have still continued 
unfavourable, the next^ measure must be, the dissolution 
of the Society, and a division &f the remaining capital 
among the alinuitantsand surviving members in proportion 
tQ.'^heir respAetive interests in the funds of the Society. M. 

‘ This section, as well as the former, must be con¬ 
sidered as written in 177 b Subsequent accounts of the 
different institutions are continued respectively ut the end 
of these two Sections. 

1 According 
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According to the prinied articles, every 
clergyman pcs£('ssed oi any bcnc iicc. k\"ture- 
ship, or licensed curacy, wuc'.n the bills of 
nioitaliiy aiid the county o*f I\iiddiesex, who 
subscribes an ■luuily one guiiu'a, or two gui¬ 
neas, or luoi'', shal] entitle his widow to an 
annuity; or, if he leaves no widow, he sliall 
entitle any such clyidren as he shall leave, to 
the same annuity for seven years as his wi¬ 
dow would haveliad. Arul, in case a widow 
possessed of an annuity, should either die or 
marry before the lapse of lo years, from the 
commencement of her annuity, such children 
of her former husband as shall be then alive, 
are to be entitled to as many of the ten years 
payments of the annuities as she shall not 
have received.—The annuity is fixed to no 
particular sum, b,ut, insteij^d of this, it is or¬ 
dered, that a fourth, part of the annual suh- 
scriptionsandinterest shall be divided the first 
three years after the establishment of the so- 
eiety; half only the next four years: and three 
fourths the next five years; provided,however, 
that in no one of these \'Z years the dividend^ 
shall exceed ^£‘20 to the widows and orjihang, 
of the clergy subscribing two guineas or more; 
and .^‘lo to the widows and orphans of the 
subscribers of one^guinea! And, after the ex¬ 
piration of 12 years, the whole amfcunt of the 
subscriptions, and of the •interest ot the capi¬ 
tal stock, is to be divided proportionably for 
ever.—Jt is further provided, that every cler¬ 
gyman 
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gyman who shall be married, or have chil¬ 
dren, at the time of his s\ibscription, shall pay 
a fine of two guineas towards a capital stock, 
if a subscriber of two guineas or more, and -lo 
years of age or upwards. ,lf 50 years of age 
or upwards, he sliall pay p fine of three gui¬ 
neas; if 6o or upwards, live guiTieas. But, if 
not raarried at the time of l;}is subscribing, and 
shall afterwards marry, Ire shall pay a fine ac¬ 
cording to the age he sliall be of at the time 
of his marrying. 'J he obligation laid upon 
all, whether married or unmarri('ti, to become 
subscribers, is, an incapacity of being admit¬ 
ted members witiiout the consent of a gene¬ 
ral court, unless, within two years after be¬ 
coming possessed ofany ecclesiastical employ¬ 
ment, tlicy subscribe. 

Every ©ne who has attended to the obser¬ 
vations in this and the preceding chapter, 
must know what judgment to form of these 
regulations. 

Let us suppose tliat all the clergy in Lon¬ 
don and Middlesex came into this association 
the first; and that one with another 
they are subscribtn's of tw o guineas annually; 
and that there are among them as many un¬ 
married perso)is as Vnarried, 

In this (Vise, it may be learnt from Quest. 
XRl, that!-' the annuity to wliich widow s 
should be entitled, (supposing no allowance 
to the children ofany that die) ought not to 
exceed i o or M guineas at most; and that, 

besides 



the London Clergjj, &:c. 107 

besides the annual subscriptions, there ought 
to h.-n e been a fine paid at the commence¬ 
ment ot' the scheme, by every married per¬ 
son, of six guineas at least, or, by the whole 
number of suhscribers, three guineas. If 
the number of married members is d(,)uble 
the unmarried, the annuity ought not to ex¬ 
ceed eight guineasi and the fine from every 
mtanber should be about four guineas.—Tlie 
order, that only a fourth part of the annual 
subscriptions and interest shall be divided 
the first llncc years, half the next four years, 
and three quarters the next five, is Vviiliout 
reason ; because the number of claimants, 
for <he first 12 veers of the sche-me, will be 
so f(‘vv, tliat it will not [)ossible,* during 
that time, that there should !)e occasion for 
di\ iding ny pi oj^ortior.s S(» large of the an¬ 
nual sul-'Criptions ^nd interest, unless they 
are ineced beyond all bounds too little.— 
Afti'i' 12 \'cars, tlie number of annuitaiit.s 
will go on in'-reas;ng for near uo years, as 
appears fiom Q'U'st. HI. d'hc consequence, 
therefore, ot dir iding, after that time, th6 
wdioie amount of thcannnal sediscriptions 
interest, will lie a constant yearly diminution 
in the dividends for near .so years ; and 
making the par nxmts to* the first claimants 
much more considerable than tlicl" ought to 
be, at ilie expence of alV subscijc.Tmt elai?n-_ 
ant.s—For these reasons, it appears to me out 
of all dpubt, that this scheme is by no means 
likely to ansv/cr the good ends proposed by 
3 it 
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it; and that, therefore, it will be best to Ia\ 
it'^aside. At the time it ^\'as settled, it \^■as, 
I find, further agreed, that lh<' annual sub¬ 
scriptions of the laity, together with the in¬ 
terest of their bcncfactionr,, unless otherwise 
directed by the donors; and the annual sub¬ 
scriptions of such of the clergy as shall so 
direct, shall make a charifahlc ftnid to be 
applied to the relief of the distressed widow s 
or children of all the clergy within the limits 
I have mentioned, w hether subscribers or 
not, provided that in no one year of the first 
twelve more than d £20 be given out of the 
fund to any one family.—This is an excellent 
design; and if the money arising from all 
the subscriptions is thrown into this fund, 
an important means of relief may be pro¬ 
vided for such of J^he more indigent w idows 
and families as wall accept the help of 
charity. 

There is one more scheme of particular 
consequence, wdiich 1 must take notice of: 
J. mean, that whicli is established by Act of 
^c?arliament, among the ministers and pro¬ 
fessors in Scotland, for making provision for 
their widow^s and orphans. The last men¬ 
tioned scheme, and '^also several others of the 
same kindi'" in this kingdom, have been 

formed 

^ There is one among the Dissenting Ministers in the 
counties of Cheslec: and Lancaster ; and another among 
die Dissenting Ministers in Cunilerland, Norlhumlnn-land, 

IVestmorland, 
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forn^ed on the model of this: and the success 
with which it has been hitherto attended, is 
one of the principal causes to w hich they 
iiave owed their rise. It ie, therefore, pro- 
^)er I should give some account of it; and 
it will be sufficienf with this view to men¬ 
tion, “ that for an ’annual payment, which 
“ begun immediately, of five guineas from 
toil contributor^, 66/ of whom are mar- 
“ ried persons, besides a tax on weddings, 
“ producing about sC\A2 per annum, it en-* 
“ titles every wddow to an annuity of 
‘‘ during w idowhood, and also every family 
“■ of children that shall be left by such 
“ members as die without leaving wddows, 
“ to <;^’2oo.” This schenr/c contains a va¬ 
riety of other particulars ; but this is its sub¬ 
stance—It commenced on the 25th of March, 
17 - 11 ; and from’that tinue to the 22d ot 
Noveu/bcr, 1/70', or’in 26 years and near 8 
months, 151 ministers and professors died, 
and left 151 families of children without 
widows; that is, 5.66 sucli families ^Vere 
left annually; and the annual disbursement* 
to them have therefore been ^1132. Sub¬ 
tract this sum from ^5450, the whole an- 

IVcslmorland, and Durham. —E-icn the Londjii Annuity 
Society, though Its plaif is totally different, professes to 
form itself on the principles of the Scotch Atablishment, 
and to derive encouragement Iron* it. * 

" ‘ In Nov. 1771 *; Of 45 years and 8 months, 19!) mi¬ 
nisters and professors had died, and left 199 families of 
children v\*ithout widows; that is fn-'iS annually. 

nual 
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nual income; and the remainder, or ^4318 
p(^ annum will be the standing provision for 
bearing the expence of all the annuitants 
possible to be derived from 1 ) 6 / marriages. 
Such an annual payment, or -I .27 each froin' 
1011 contributors, is the same with 0 .a.> 
each, from 6 O 7 contributors; and, conse¬ 
quently, it appears, that in this establish¬ 
ment a contribution is received equivalent to 
an annual payment beginning immediately, 
of ^£,'6.55 from every married man, in order 
to entitle' his widow to an annuity of 
during her widowhood. 

In the societies mentioned in the last sc'c- 
tion, annuities increasing from £20 to cv6'40 
are promised to \< idows for an annual pay¬ 
ment of only .5 guineas'". And, in all the 
societies for the benefit of widow^s with 
which I am acquainted, there is an C(|ual 
or a greater disproportion betw een the con¬ 
tributions received, and the annuities pro¬ 
mised.—With wdiat strange rashness then 
has the plan of this establishment been co¬ 
pied ? And how absurdly have the societies 
in this kingdom pleaded it as a precedent 
*^hich encourages and favours them?—It 
would be trilling to say more on this sub- 
jeet. 

It may ,be observed that the annual income 
for the sv^pport of this establishment, sup¬ 
posing it to have only the benefit of w'idow s 
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in view, ought to be csCr .19 per ann. from 
e^ ery marriage, according to Question XIH. 
p. ■'lO', and c£, 7AA per ann. according to 
the calciilation in Note F. at the (aid of this 
'Volume. 

Tliese determinations exceed the income 
actually provided. ’ But the excesses are by 
no nnxins considerable enough, to afford anv 
certain reason for “:oncluding, that the fund 
of this establishment will prove insufiicient. 
] was, howtiver, ,onee led to entertain some 
doubts on this subject. And in these doubts 
1 thought lUN sclf confirmed by observing, 
tliat, in the calculations" made at the com¬ 
mencement of the scheme'',"the number 3.33 
was stated, as the maxitnu-'a of widows living: 
at one time, likelv to come upon it, or to be 
derived from 20 widows left annuadly; and 
also, that 4o years was statt'd as the number 
of years necessary tc/bring on this innxinmw ; 
whereas 1 was satisfu'd, that the maxintam of 
widows would not prove much less than 
400; nor the number of ycxirs necessafy to 
bring it on, less than (io. In the former 

” .Sec Tabic III. in a book printed at F.dinhurgh IiV 
entitled, Calculations, witli tlic l*iiuci])!es and 
Data on which they are instituted, relative to a late Act 
of Parlkimcnt, entitled, An Ad pp- rai\iiig and vstublhkhnr 
a Fund, for a proviAion for the widows and Aildren of the 
ministers of the cluirch, and of the headi, /\irivipfih, mid 
masters of the nninersilies o /‘^coi lanj) shewing .the 
^rise and progress of the Fund. 

“ See note A, at the end of this volume. See like¬ 
wise the Rote in p. ti’J. 
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.editions of this work, I gave a distinct ac¬ 
count of this. But 1 have lately received 
such information f as hath convinced me that 
my doubts have ».been in a great measure 
groundless. I have learnt, in particular^ 
that there have been several calculations sub¬ 
sequent to those I had seen; and that this 
establishment has enjoyed adAantages and 
provisions for its support which 1 vas un¬ 
acquainted with, and which give reason for 
expecting that it will indeed be able to bear 
the expence of hoo annuitants, should so 
many come upon it. T .sboul>l only tire most 
of my readers, were I to enter into an ac¬ 
count of these advantages and provisions. It 
will be yf more fmporlance to take this op¬ 
portunity to observe, that the probabilities of 
life from which the determinations I have 
mentioned are derived, tliough much lower 
than the' probabilities of life among the 
ministers and their wives in Scotland‘J, 
arc yet such as give the values of reversions 
depending on surtivorships among them too 
high. 

i In order to understand this, it must be 
‘considered, that the dilfcrence between the 
probabilities of life in dilFercnt situations# 
takes place much more in tiie first and mid- 

^ I owe tli^s information to the kind and very ohllgin^ 
vandour of the reverend and ingenious Dr. WtBbTKR, of 

Edinhurffh. 

More particular notice will be taken of this at the 
conclusion of the second Essay. 

dk 
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die than in the Jast stages of life; and that 
the effect of this must be to increase the 
duration joint lives, and at the same time 
to lessen the duration of survivorship in those 
situations which are most favourable to 
health. Or, in othfer wmrds, to render the 
duration of marriage in such situations, 
greater than it w ould otlierwise be in pro¬ 
portion to the duration of widowhood; and, 
consequently, to reduce the present value in 
annual payments .during marriage, of any- 
given annuity payable during Avidpwhood. 
For instance. AVere the probabilities of life 
among the ministers and their waves in 
ScoTL/VND the same that th^^y are by Mr. 
Z)c Moivres hypothesis, oiyin the Breslaw 
and Northampton Tables of Observation, the 
duration of marriages among them, taken 
one with another, ^ould not be more than 
l{) years. The duration of widdwhood 
w^ould be 22 years, and the maainmm of 
widows living at one time derived from 
06; marriages constantly kept up, wo’dd be 
considerably more than 4oo. ere the pro¬ 
babilities of life among them the same that 
they are in London, the duration of mar 
riage w ould be still less, and the duration of 
widowhood greater, and the viaxhuum of 
widow's derived frofti 66/ marriages, could 
not be less than 500. But the f.mtjis, that 
the duration of marriage ^mong them is 2^ 
fears nearly; and that of widowhood about 
VOL. !.• I 20 
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20 years and a half". And* it appears also, 
from accounts taken annually, that the num- 
laer of widows living at one time, derived 
from the wholctbody of ministers and pro¬ 
fessors, does not exceed 400. It is, there¬ 
fore, certain that a smaller income must be 
sufficient for the support of this scheme than 
would be necessary, according to the proba¬ 
bilities of life in the Tables just mentioned. 
—And upon the whole; after a careful re* 
.view of all the circumstances of this esta¬ 
blishment in its present state, I am well sa¬ 
tisfied that the success with which it ha*^ 
been hitherto attended, is likely to conti¬ 
nue; and that it will indeed prove a per¬ 
manent foundatieji of that assistance to the 
ividoiv and fatherleas which is intended by 
it.—Caution, however, and vigilance, w'ill 
for some time be necessary. Many more 
years mlust pass heforerit can receive a de¬ 
cisive confirmation from experience. Events 
have hitherto favoured it more than could 
have been reasonably expected. Idiey may 
perhaps hereiifter try it; and deviations from 
probability may arise, which cannot be now 
foreseen.—But I ought to ask pardon for 
making these remarks. The venerable mi- 

■■ See a note at the eonclusion of tlie .second Essay; and 
also note (F', at the end of this volume. Tlie maxi- 
xK'm of widows (suppos/.'d 395) divided by the number 
left annually (or 19 ,'t,) gives 204 , the expectation of. 
widowhood. See page 89, and Note (A) at the end of 
this volume. 


nisters 
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nisters and professors concerned will, I hope, 
excuse me. They are eminently distinguished 
by their abilities and knowledge: and can 
have little need of any information which 1 
am able to give them. 

Further Account of the Association among 
London mn/Middlesex Clergy ; and of 
the Establishment among if/it’Ministers and 
Professors in Scotland. 

The Clergy of London and Middlesex 
agreed, in 1775> to new rules and orders, 
by which such lines were required (on ac¬ 
count of a subscriber’s ex^eding the age 
of 40, and being older than his ‘wife) 
and such reductions made in the annuities 
as would probably^ have rendered the con¬ 
tributions adequate tQ the cxpences* of the 
association. But the event has been, that in 
consequence of this necessary reformation, 
the Association has dwindled, and is now 
sunk so low as not to be likely to subsist 
much longer. 

On the contrary. The Establisment among 
the ministers and professors in Scotland has 
prospered to a degree which gives reason to 
believe that it can*iot fail to answer the 
hopes of the venerable body interested in it. 
This has been owing chiefly to tne grea'f 
ability and faithful zeal of the Rev. Dr. 
Webster* its founder and conductor.—To 
the account already given of it id the Second 

I 2 Section,- 
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Secti-ni, I will take this opportunity to add 
the fol!''wir;o' particulars. 

Dr. A\'cbstcr (haviug, wiien the plan was 
first formed 38.*'cars ago, no certain data 
to go upon) assumed f)2 as the medium age 
at which the idows of ministers would 
commence annuitants. " J>y calculating on 
this supposition, and taking the chiances of, 
life as they arc in Dr.* I!al/ci/s 'fable, he 
found? that the number of annuitants on the 
■scheme at Lady-d:iv 178,0 would be 310, 
—'J'hc tket is, that they were then 304 ; 
nnd that consequently there \\ as, even in this 
way of calculating, a ditference of six in fa¬ 
vour of the funds which support the scheme. 

-Since the el!»^ablishmcnt of the scheme 

it has been discovered, that the medium age 
just mentioned does not probably exceed 47 . 
X>r. f\\'bster, thbrel'ore, some years ago, in 
order to* put the scheme to a severer trial, 
instituted a new calculation, on the supposi¬ 
tion that the medium age is no more than 
4 4,' and tbund that on tins supposition the 
number of annuitants at Whitsuntide 1 780 
would be 328. 'idiis has made a still greater 
^difh'rcnce in favour of the Establishment, 
and gives a very encouraging prospect of its 
stability; a sufficient income having been 
in reality, provided for Ucaring the expenccs> 
had the ^mnuitants increasiffi as in this last 
calculation. 

Had 52 been the mean age of the widows 
when theycpmmence such, the maximum of 

widows 
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Mndows living at one time derived from 20 
left annually, would be according to 

Dr. Halley s Table; but su])j)Osing it no more 
than 44, this inaxhmim would exceed 400 ; 
and the enquiries ‘which have been made, 
give reason to expect that it will not tall 
much short of this number. Dr. Webster, 
therefore, has in hi»last calculations, reckon¬ 
ed upon the increase of the annuitants to this 
number; and for this reason, and to sc-, 
cure more certainly the Establishme.nt, a new ^ 
act of parliament was procured in 1779 > 
which, among other new provisions, it was 
ordered, that the increase of *tlfe capital (then 
amounting to ,^£,’75,088) ^iiould not be dis¬ 
continued till it rose to ^^ 100 , 000 .——This 
capital, joiiu'd to the annual contributions, 
■lA ill probably bu an ample support to the 
Establishment, shonkl tlu' number Of annui¬ 
tants (which will go on to increase for near 

forty years more) t)ecome at last -too.- 

Circumspection and caution, however, con¬ 
tinue to be necessarv, because still unfavour- 
able events may arise, which no human wis- ^ 
dom can foresee. 

Having bestow'ed a good deal of attention 
on this institution, 1 cannot take leave of it 
without congratulating Dr. W^ebster on his 
happiness. By being the found(|r of this 
scheme, and by the care'with which he has 
watched its progress, and conducted it to 
its present state of maturity, he has entitled 
himself to the blessings of many indigent 

widow's 
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iN'idows and orphans, and mitde it impossible 
that he should be ever remembered in the 
church of Scotland without gratitude and 
respect. 

It is much to be wished that institu¬ 
tions of the same kind could be establis- 
ed in England. Some efforts have been 
made to this purpose. The reverend and' 
ingenious Mr. Gandy of Plymouth, having 
with much labour and ability prepared 
a plan of this kind, endeavoured in I77"t 
and 1775 to get it established in the diocese 
of Exeter. Had he succeeded, the benefits 
arising from it Mmuld have become in a lit- 
tie time very conspicuous, and an example 
would_ have beek given which would per¬ 
haps have been followed in other dioceses. 
But he did not meet with sufficient encou¬ 
ragement, and th'e scheme was given up.— 
Being unwilling that 'the time and pains 
which were employed in digesting and eal- 
culating the tables for this scheme should be 
entirely lost; 1 have inserted some of the 
.principal of them among the Tables in the 

next volume.-The Rev. Mr. Grajit, of 

'Henly upon Thames, has been also lately 
engaged in soliciting encouragement to a 
similar scheme; qnd I heartily wish him 
the success his benevolence and abilities de¬ 
serve'. 


’ This scheme has shared the fate of Mr. Gandy’s. M. 

Account 
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Account of a Scheme established a7nong the 
Kast-India Commanders. 

The East-India Co?nmanJers six years ago 
entered into an association for the purpose of 
providing for their # nominees, and did me 
the honour to desire I would recommend a 
schegie to them. Xhey approved the fol¬ 
lowing, and have adopted it.—Every mem¬ 
ber is entitled to 500 payable at his death 
to his nominee, in’ consideration of at 

his admission, and eleven annual payments of 
ijC25, the first to be made at the beginning 
of the second year, and the* right to every 
payment to depend on thg continuance of 
the life of the subscriber. No substribers 
must be admitted whose ages are not less than 
50 ; and their inegn ages are reckoned at 40. 

In calculating thi^ scheme, interest was 
reckoned at 31- per cent. but a much higher 
improvement has for some years been made 
of money, and the scheme has escaped .the 
danger of being too much loaded in its in¬ 
fancy. 1 am satisfied, therefore, that, with-' 

out 

'■ The value, by Tal)ie XVIl. in tlic next volume, reck¬ 
oning interest at a* per cent, of an annuity lor eleven 
years, on a life aged 10, tl;/; first p-.^ nient to be made at the 
end of a year, is by Quest. VI. Chap. 1. —The 

annuity, tlierefore, being its value i| to 

which £~)0, (the lii^t payment^ added makes 
which is also, by Quest. X. the value, reckoning the 
name interest, of payable at the death of a person 

aged 40.—The same coiuribLitions, supposing money 
improved at 5 per cent, would entitle a nominee to .st’fiOO. 
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out alitring the contributions, the sum pay¬ 
able to no7ni)ices may witli perfect safety be 
increased to i^’550. Indeed, 1 should he in 
no ])ain were it even advanced to t=£6oo, pro¬ 
vided only the contributions were made in. 
guineas, instead of pounds, and all savings 
made to accumulate in the short annuity for 
27 years from Chrismas last.-The; pro¬ 

gress of such an association w'ill be as fol¬ 
lows.—Suppose it to consist of 46 members, 
kept up from year to year by admitting, as 
old members die off, new ones at the mean 
age of 40. At first, according to Mr. Be 
Moivres hypothesis, only one member will 
die annually; l^it, after a certain period, 
t/vo will die annually. During this interval 
there will be savings which will raise a stock, 
the interest of which, wficn added to the 
annual contributions, \\’ill he just sufficient, 
when two members come to die annually, 
to pay two claims.—Supposing each claim 
^550, the expence of the association, when 
greatest, will be ;£.'l too per a.nn. The con- 
'tributions at that period will be first, d^50 
\jeach (or e£i 00 in all) from /c o new mem¬ 
bers admitted every year; and ,£25 each 
(or ^450 in all) from ]8 other mem¬ 
bers who had not''becn admitted more than 
eleven y^ars. The remainder (or j£’55o) 
^ necessary to make Kp 11 oo per anti, will be 

” Out of a body of new members derived from two 
' admitted every ytijr at 40 for 11 years, it may be e.xpected 
• that two will die before the ead of the 11th year. 
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the interest of the capital, which, therefore, 
if lodged in the three per cents, must 1)e 
,££’18,333. When, thcrefoj-e, any such asso¬ 
ciation consisting of 46 members has raised 
this stock; or, if’it consists of any other 
number of inembesis, when it has raised a 
stock in the same proportion to it, that the 
star^ding number vf members bears to 46, 
it will become a reasonable object of con¬ 
sideration whether the increase of its stock, 
should not be discontinued, and subse-, 
quent savings, should anv arise, be employed 
in cither lessening the contributions or in- 
creasi ng the cl a i m s''. * s e c t. 


The cxaniinutidit of this SociAy’s affair.s tvas referred 
tome in the year ^^hcn it appeared that t!ie num¬ 

ber of those niemhers who had conipleated tlicir <deven 
payments amounted to 29, and the number of those who 
huvlniJ' been admitted !it late iieriods had n'd completed 
their payments amounted, to i ’]■—At tliat period, or 21 
years after tlieir establishment, 38 deaths had taken place, 
which exceeded the number that sliould have happened 
according to tlie Xor/ltaiiifiton 'i’ablc in the proportion of 
4 to 3. But the premiums having been consputed *at 3^ 
per cent, while their money had been improved at 5 per 
cent, the increased number ot claims was balanced 
the incieased aceumnlation of the capital, and therefore^ 
bad their stock, wbieh then consisted of A 990 per aimin/l 
in the Long Annuities, and an Kxchecjuer Bill tor sC'lOOO, 
been sold for the sum wbieh was originally paid for it, 
a considerable xurphus, after dkebarging all demands, 
would have been left in favour of the Society: But the 
subsequent depression of the funds so far lessened the 
value of the Society’s capittd as,, not only to destroy tiTht ^ 
surplus, but even to pioduce a dejiucncy to a larger 
amount. Happily, however, the funds since that pe¬ 
riod so fa' recovered as to restore the affairs of the So- ' 
ciety, and to render them secure, (a) 

(a) Since writing the above, tlic purposes for wliieh 
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SECT. III. 

Of the best Schemes for providing Annuities 
for JFidm’s. 

Institutions for providing widows 

with annuities would, without doubt, be ex¬ 
tremely useful, could such be contrived as 
would be durable, and at the same time east/ 
and encouraging. The nature of things do 
not admit of this in the degree that is com¬ 
monly imagined. The calculations and rules, 
in the preceding chapter, will enable any one 
to determine in all cases to what rever¬ 
sionary annuities any given payments entitle, 
according to any given valuation of lives, or 
rate of interest. From Quest. TIL and VIII. 
in particular, it may be inferred that (interest 
being at ^ per cent, and the probabilities of 
life as in thcBreskiv,Norivich,:indNorthamp- 
ton Tables) for an annual payment beginning 
immediately of four guineas during marriage ; 
and also for a guinea and a half in hand, on 
account of each } ear that the age of the hus- 
\band exceeds the age of the wife; every mar¬ 
ried man, under 40, might be entitled to an 
annuity for his widows during life, of e£5 if 
he lives a year; i£lo if l\p lives three years; 
and ^f he lives seven years. 

m 

t 

they were o iginally associated no longer existing, tlie So • 
ciety dissolved themselves, and every Member received 
■ ihejull value of liis Interest in the Capital. M. 

If 
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If such a society chuses, that those who • 
shall happen to continue members the longest 
time, shall be entitled to still greater an¬ 
nuities, six guineas, additional to all the other 
payments at admission, Mmuld be the full pay- 

• ment for an annuity of ,^"25, and ] 2 guineas 
for an annuity of <^^30 if a member should 

• live 15 years. 

All bachelors anci widowers might be en¬ 
couraged to join such a society, by admitting 
them on the following terms.— Four guineas' 
to be paid on admission, and thre^ guineas' 
every year afterwards, during celibacy; and 
on marriage, the same payn^ents with those 
made by persons admitted after marriage; 
in consideration of which, per anrium for 
every single payment before marriage, might 
be added to the annuities to which such 
members would h^vebeen otherwise entitled. 

For example. If they have been members 
four years, or made five payments before 
marriage, instead of being entitled to life-an¬ 
nuities for their widows of only £5, A\0, 
£ 20 , £ 25 , and 5^30, on the conditions I. 
have specified, they might be entitled to an- ^ 
nuitics of 5 ^ 10 , di 2 b, iBzo, and £Z 5 .’ 
Or, if they have been members nine years, 
and made 10 payments, tlkey might, instead 
of the same annuities, be entitled.to annui- 
> ties of .5^15, .^ 20 , ^' 30 , ^’35, anA 
f In this case, the contributions of such mem- ' 
bers as should happen to desert, or die in ce¬ 
libacy, would be so much profit to the so¬ 
ciety, 
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cietj, tending to give it more strength and 
sScurity. 

This is one of,the best schemes that I can 
think of, or would chuse to recommend. 
Butin the following scheme there is a sim¬ 
plicity and fairness which seem to give it a 
particular preference. 

Every husband, be hie age what it .will, 
for a single payment at admission, of 
with d£’l ...los. added for qveiy year that his 
age excc/'ds his wife’s, and an annual pay¬ 
ment of 385 during marriage, (the first to 
be made at the end of a year) might en¬ 
title his wife, should he leave her a widow, 
to an annuity 0 / .^10 for her life, if he 
lives one year; if he lives tivo years; 

^12 if he lives iJu'ce years; and so on ; the 
annuity to increiise continvally at the rate of 
for'every year that the husband lives 

beyond one year.-Any addition to these 

payments might entitle to a proportionable 
addition to the annuity, and to its increase. 

-And should any husband under 40 wish 

to secure a sum for his children, provided lie 
should leave no widow, he might for every 
annual payment of nine shillings, during 
life, entitle them^to sCso, payable among 
them at his death, wherfever that shall hap¬ 
pen. Making all these payments guineas , 
instead of pounds^ might probably be suffi¬ 
cient, if the number of subscribers is con¬ 
siderable, to defray the expences of manage¬ 
ment 


There 
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There is one particular advantage which 
societies formed on plans of this kind would 
enjoy >.—Persons who know themselves suT)- 
ject to disorders which arc, likely to render 
them short-lived, will have no great temp¬ 
tations to endeavour to gain admission into 
such societies; and,* if admitted, the danger 
from them will be less than on any other 
plarx Were it not* for this danger, the fol¬ 
lowing plan n}ight be recommended. 

» 

In the plans hitherto mentioned.it is im-. 
plied, that, if either a member or his wife 
dies within any of the periods specified, the 
additional annuities, that would otherwise 
have become due, will be IpSt. But it wmuld 
be much more agreeable to a purchaser, that 
they should be made certain to his wdfe, pro¬ 
vided she lives to the end of these periods, 
though in the mean time his own life should 
I'ail, The vahu' of such annuities may be 
computed by the rule in Question IX. 

Suppose, for instance, the scheme to’ be 
“ that a wife shall be entitled certainly to a, 
“ life-annuity of c^’20, the first payment of 
“ wiiich shall be made at the end of 12 years,-' 
“ provided she should be then alive, and her 
“ husband dead; or at tin; end of any year 
“ beyond this term’ in wiiich she may hap- 
“ pen to be left a widow.” Suppose it also 
stipulated, “ that she sllall be entitled to 

y See another advantage mentioned under Question 

VUI. * 
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“ . 36^10 more, or dCSQ in all, on the same 
‘‘•terms, provided she should live 16 years.” 
—The value of such an expectation (interest 
being at3 per cent, and theprobabilities of life 
as in the Nortliamptoyi Table of Observations) 
will be, in the most convenient round sums, 
supposing none admitted above 50 years of 
age, seven guineas in annpal payments to be 
continued during marriage, and to begin'im¬ 
mediately; besides four guineas in present 
'money for every year, as fa'r as 15 years, that 
'the husband’s age exceeds the wife’s, if he is 
between 'to and 50, and three guineas on the 
same account if ohe is under 40 ; Or, if the 
whole value of the expectation is given in 
one pre-sent payment, ^’70 added to a guinea 
and half for every year that the husband’s 
age falls short of 5p, besides the payment just 
mentioned on account of disparity of age. 

The value of this expectation at 4 per 
cent, is six guineas in annual payments, be¬ 
sides three guineas in present money, for 
every year that the husband’s age exceeds the 
wife’s, if he is between 40 and 50; and two 
i^uineas, if he is under 40: Or, if the whole 
value of the expectation is given in one pre¬ 
sent payment, added to 5.9. for 

every year that his kge falls short of 50, be¬ 
sides the p?yment last mentioned on account 
of. inequality of age*. 

He 

^Supposing 16years tlie only term, the annuity £20^ 
and interest at 4 jxr cent, tlie pro|)er payments will be 
nearly, in the case of equal ages and single payments. 
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He that will give himself the trouble to 
calculate, agreeably to the directions in Uie 
Questions to which I have reh'rred, will find 
that, taking all particular eftses together, the 
rules nov/ given come as near the truth as 
there is reason to ^desire in an affair of this 
nature, the defects in some cases being nearly 
compensated by the excesses in others. 

These determinations are agreeable to the 
probabilities of living in Dr. Halleys, as well 
as the Nortliainf/foi} Table of ObscrAationsf 
or Tables 5th and 17 th in the nexJt volume? 
'ITiese Tables seem to give a proper medium 
between the different values of town and 
country lives. In the country the probabilities 
of living are much higher; but in hondon, 
and probably in all great towns and some 
smaller ones, they are much lower. 

It is proper th add, fliat, according to 
the values of lives ’deduced both from the 
London and Dr. Halley s Table, and taking 
interest as Jow as 3 per cent, all women 


—.^40—.^29, as the age of the man is 30,40, or 50, 
Or, in annual payments, ^^"3.80—.^3.GG—j^^3.l3.— 
Supposing the woman’s age 10 years less than the man's^i 
■•he same values will be, in .single payments, .^’58.92— 
j^56.56 —jf’53.GG—in amrual payments .£4.GS — £5 — 
.^5.41. It appears, theiefore, tjiat a society, supposing 
money improved at the rate of 4 per cent, might entitle all 
married men buUscriminutely, who are under 50 years of 
age, to such an expectation as this for their \>’ives, for 
ther ^60 in one payment, or five guineas in nnmial pay¬ 
ments.—But equity’requires, that diflerent payments should 
be made according t(i the different comparative ages of men 
and tiieir wives. 


whos# 
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■u'hose Iiusbands are under 50 years of age, 
might be entitled to an annuity of ^^'24 
during life ((lie tirst payment to be made at 
the end of the year in which they shall be 
left v. idows) for the sum of cii'loo, sup¬ 
posing ,£z additional gixen on account of 
every year that they are'yeungcr than their 
husbands.'—At 4 per cent, an annuity of 
^30 might be giautcd o?. the .iame tcrn?s. 

In the year lOuo, the codipa.iv of jl/crcm* 
?n Lov(lo)i ado])ted such a scheme as that 
last mentmned. For l oo in one present pay¬ 

ment, they entitled every subscriber to a life- 
annuity for his widow of j 6'30 ; and this, at 
that time, (whetf money bore 8 per cent, in¬ 
terest) was considerably less than the value 
of the ftioney advanced, supposing men and 
their wives of equal ages. As the interest 
of money sunk, they sunk also the annuity, 
hrst to .£.25 and then to e£20 and ^'l 5. But 
at last, after carrying on tiie scheme for above 
50 years, finding the burden of tlie annui¬ 
tants too heavy, and likely to go on increas¬ 
ing, they were obliged to drop the scheme 
and to stop payment. In a little time, how- 
Vver, by a parfiamentary aid of eC'iooQ per 
annum, they were restored to a capacity of 
making good all their engagements, and of 
paying their arrears.—Their failure is, in¬ 
deed, much to be lamented; for, in eonse- 
.qtience of it, the public has lost tlie benefit of 
an institution, that for many years promised 
the happiest crTects, by encouraging marriage, 
3 and 



providing Annuilies for IFidows. I2g 

• 

Jind affording rdlief to indigence. The rapid 
fall df the interest of money; their adm^^- 
ting purchasers'at too advanced ages; and, 
particularly, their paying Ao regard to the 
didcrence of age between husbands and their 
wives, must have contributed much to hurt 
them. Some of the principal causes, therc'- 
/ore, which have rendered them unsuccess¬ 
ful, hiay be now avoided. 

It must, however, be remembered, that 
the issue of the best schemes of this kind * 
must be in some degree uncertain. For w'ant~ 
of proper observations “, it is not possible to 
determine what allowances ought to be made, 
on account of the higher probabilities of life 
among females than males. Iso prudence 
can prevent all losses in the improvement of 
money; nor can any care guard against the 
inconveniences to Such schemes, whiph must 
arise from those persons being most ready to 
dy to them who, by reason of concealed dis¬ 
orders, feel themselves most likely to want 
the benefit they offer. 

The societies, therefore, on which I have 
remarked in the first section of this chapter, 
would have reason to take warning from what 
has happened to the Mercers Company, veeve 
the schemes on which they are formed per¬ 
fectly unexceptionable. But 1 have demon- 


* This defect will, I hope, be in some measure re¬ 
moved by the Observations and Tables in the ne\{ 
volume. 
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St Hi ted tiuit these schemes are very detective; 
apd that the longer they are carried on, the 
more iniseliiet thc}^ must protincc. ’Tis A ain 
(as appears from Quest. Ji 1.) to form such 
establishments with the expectation of seeing 
their fate determined soon i)y <'x[)erience. If 
not more extravagant than any ignorance 
can well make them, tlicv ti ill go on pros-* 
perously for 20 or 30 fears; and, if at all 
tolerable, they mmj siippoi t tiieraselves for 40 
or 50 years; and at last end in distress and 
■'ruin. Xo experiments, tlrcretbre, of this 
sort should be tried hastily. An unsuccessful 
experiment must be productive of very ]jcr- 
nicious etlects. All inadequate schemes lay 
the foundation dt present relief on future c 2 l- 
lamity, and aflord assistance to o. few by dis¬ 
appointing and oppressing multitudes. 

As the persons who conduct these schemes 
can mean nothing but the advantage of the 
public, they ought to listen to these observa¬ 
tions. At present their plans are capable of 
being reformed; but they cannot continue 
so always; for the greater number of exor¬ 
bitant payments they now make to annui¬ 
tants, the more they consume the property 
ot future annuitants, and the less'practicable 
a retreat is rende/s-ed to a rational and equit¬ 
able and, permanent plan'’. Tiicy sliould, 
immediately either reduce their,/ 

schemes, 

See p. 90, 91. Sect. I. 

' 'I’lius ; were the London Annuity Society to make 

tligii' 
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schemes, or change them into one of tliose 
which I have proposed. But, I am afraid, 
this is not to be expected. The neglect with 
which they have received sorAe remonstrances 
that have been already made to them, gives 
reason to fear, that ;vvhat has been now said 
will be in vain ; and that those who are to 
come alter them, myst be left to rue the con¬ 
sequences of their mistakes- 


SECT. IV. 

Accoimt of some foreign Institutions for the 
Benefit of Widows. 

In the Preface to the first edition of this 
Treatise, I took notice of an institution for 
the sale of annuities payable on sbrvivor- 
ship, established at Amsterdam, which seem¬ 
ed to be theji mu(di encouraged, and into 
which, I had been informed, many had en¬ 
tered from difierent parts of Europe. Tliis 
was so wretched a deception that it was im¬ 
possible it should long stand its ground; and 
I am told that it now exists no more. I 
have, therefore, expunged, the notice I took 

their lowest annuity tlie next .^20, and*tlie highest 
^50, they would probably be safv But, after proceed* 
iag'’on their present plan some years longer, sueh a re¬ 
duction would by no means be sufficient. 

K 2 01 
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of it in that Preface; and 1 will not here 
give any further account of it. 

In ir39, an institution w as established in 
Denmark under the patronage and guarantee- 
ship of the King of Denmark, wdiich, with¬ 
out regarding ages, promised pensions to 
w idow's at the rate of 40 rixdollars per ann. 
for life, from the commencement of w idow^- 
hood, for every present payment of 1 l‘o rix¬ 
dollars. This being less than the true value 
of such pensions# the fate of this scheme 
has heeii the same with that of the Alerccrs 
Company numtioned in page 128. At the 
<-ndof the ;\e;\r its whole fund was 

exha\isted, and the Kinji; of Denmark found 
hlinsCf burdened with the support of 700 
widows, and an obligation to support as 
main more as w ould be derived from l5oo 
marriages then remaining undissolved. 

At Bremen, an insti’tution w^as established 
in 1760 , which promised annuities to wd- 
doAvs for a payment on admission of a sum 
equal to one yearly paj ment of the annuity 
purchased, and an annual contribution during 
maniage of 1.5 per cent, (or a little more 
than a 7 th) of the annuity. These pay¬ 
ments are not much more than half the pro¬ 
per compensation for the annuities. The 
conductors of the scheme have therefore been 
obliged to reduce, the annuities 10 per cmtA 
and they w ill soon be obliged to reduce them 
much more. 

The states of the duchy of Calcnberg, of 
which Hanover is the capital, established in 

17Q7 
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17(07 a like scliemc, but on terms still more 
deficient; for, though it dilFcred from tlfc 
two former schemes in paying a regard to 
the ages of married persons, jet, noivviih- 
standing several augmentations, the contri¬ 
butions required bj i(* did not two years ago (*) 
come up to half the value of the annuities, 
Tlrca^ nnml)crs, intiuenced probably by the' 
Jowness of the terms and the authority of the 
states, have been induced to encourage this 
institution. In 1779, if anniiitics to_ 
pay to f)00 widows, and consisted of no less 
tlian 3 800 members or subscribers whose 
widow's would be entitled to annuities. In 
consequence of a rapid incivease, its insuffi¬ 
ciency was not then become palpable enough 
to force either a dissolution, or a timely and 
effiectual reformation. It. was, therefore, 
likely to lay the founclation of great confusion 
and distress. 

There are probably many other foreign 
bubbles of this kind, of which 1 have .no 
knowledge. 'I'hc information which has 
enabled me to give this account I owe to 
Mr. Oeder of 0/denhiirg; and it is with 
particular satisfaction, that I can from him 
on this occasion add an account ot one fo¬ 
reign institution for the b*encfit ot widows 
which is founded on just principles, and 
likely to be productive of igreat good.—Tin? 
plan of this institution has been formed and 
the calculations for settling its terms have 

(*) That is, about the year 1788.—M. 


been 



134 Account of some foreipi Insfitu lions 

been made by Mr. Oeder, ^vho appears in¬ 
deed to po.‘=;sess an acfjuaintance with thi'< 
subject so extensive and correct as to be per¬ 
fectly qualified Yor such an office.-^Pbis 

institution is intended only for the benefit of 
the inhabitants of the diocese of hubec and 
the duchy of Oldenburg ; and the sovereign 
of this state has himself given it the sanc¬ 
tion of a statute, and guaranteed to his sub¬ 
jects the advantages it promises. At price.v 
deduced,by calculations at'4 j&er cent, from 
Mr. Sitsmi/cJfs Table of Observations, (See 
the Tables in the next volume), and agreeing 
nearly with the prices deduced by the rules 
in Quest. I. and» IV. from the Northampton 
Table for Table XVTl. in the next volume), 
it offers to a married man any annuity for 
bis widow not exceeding rixdollars, (or 
about 8/jer aw/?.) payable for life; but 
with a power reserved to the husband of di¬ 
recting that it shall be applied to the support 
of his children in case his widow should 
marry. 

This institution farther enables a parent to 
provide for his children annuities, (not ex¬ 
ceeding .'500 rixdollars) payable to them in 
the event of their survivorship, till they are 
25 years of age. 

For exdhiple. To a husband, aged 35, this 
institution promises a life annuity of opay* 
able to his widow, for either an annual pay- 

* Six German rixdollars make about a guinea. 

ment 
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inent of ^£2..*.155. £,’3... 15 . c£2,...7s...4d. 
&c. or a miglepresent payment of .£’3 
3t/. ^30...6s. £41.. ()5. &c. according as 
he is of the same widi his -wife, or 5, 

10^ &c. years oMck. 

And if he wishes to make a provision for 
any of his children, provided he shonid leave 
tliem orphans unt^pr age, he may purchase^ 
annuities payable to them from the time 
' they shall happen to survive till they are 
25 years of age, ht the rate of an annuity of 
.£10 for every annua/ payment during the 
joint lives, of £l...l 7i-...4c/. £l...l45. 

.f!l.. /S...4d. or a single payment of £19... 

145.—£ 1 8 ... 1 25... .C)(/. £ 1,2 ... 75 . according 
as the child's age is two, hve, or ten, years. 
These values are greater or less as the age of 
the parent is greater or less; and all the 
prices of such annuities, and alsio of an¬ 
nuities for widows, are specified in Tables, 
for all ages and all (/iferenccs of ages. 

The suffieicnc) of tliC receipts to angwer 
the expences in this institution, as far as 
it pro\ ides annuities for widows, has been 
proved by Mr. Order in tlie clearest manner 
from accounts which have been collected in 

* It is obvious that the valued in tliis case lor every 
annuity of arc, \\\ a single puipncnt, the exa vv ot the 
value of tlie life of the child for as many years as his age 
is less than above tbe vajue »f the joint lives for the 
?ame time found by the Scholuim. to Quest. VL; and, in 
animal payme/iis beginning innnecllately,tlie Quotient aris¬ 
ing from fiividing tbe single payment by tlic value just men- ■ 
UpJied of the joint lives, with unity gdded. 

the 
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the duchy ol' Oldenhurgh of the duration of 
1 ‘Z,7 3 marria[;es, and compared with accounts 
of the duration of the widowhoods derived 

from these marri'ages.-One circumstance 

in these account? deserves particular notice. 

The ages of the men, xone with another, 
when the marriages just nientioncd eommen- 
ced, was 32f years ; of tjic women 28 yyars.^ 
The men lived after marrying 274 years; 
the women, 31 years and nine tenths. The 
former, according to SusmilcJis Table 
(and also' nearly according to the Northamp¬ 
ton Table of Observations), should have 
lived only 2” years and one tenth; and the 
latter, 2() ycars^ and eight tenths. l'h<' 
former,, therefore, having exceeded the du¬ 
ration of life exhibited in the Tables only 
sir tenths o^ aycai, but the latter having ex¬ 
ceeded if above iiro years, it follows that 
women, notwithstanding the hazards of the 
critical periods and of child-bearing, live 
longer than men. 

I will add, that by examining 154 of these 
marriages, I find their duration to have been , 
one with another, 21 years and a quarter, 
and the duration of the survuvorship of the 
widows derived from them, 19 years. Had 
Mr. l)c Mo'wre's hypothesis of an equal 
decremenUof life been just, the latter would 
have been longer .than the former. The 
reason why the contrary happens has been 
given in p, 113, &;c. 

In these marriages (if I may judge from 

examining 
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examining only l4o of them) four wido^vs 
were left to three widowers, wfiich shew * a 
chance of survivorship in favour of tlie wife 
in marriage, greater than could have taken 
place, had there been no other reason for it 
than inferiority of age. 

At Hamburgh, wn annuity seheme has been 
latejiy established «f a more comprehensive 
nature than any of the schemes which have 
been hitherto mentioned; but the account of 
it wall be more properly given at the con¬ 
clusion of the last section of this Chapter. 


SECT. V. 

Of Schemes for providing. Annuities for old 

.Age. 

A GENERAL disposition has lately shcwni 
itself, to encourage schemes for granting an¬ 
nuities to persons in the latter stages of life; 
and this has occasioned the ()th Questiorl 
in the former chapter; and, as a further, 
and more particular direction in cases of this 
kind, I have thought it necessary here to give 
the followimt Table. 


Values 
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■ Values of Mpe 
for life, at 
ter ^0, to per 
sons whose ago 

are 

r Values in on* 
prfstnt pa’.im!nt 
-interest i pe 
I'fnl, 

' fn(rrrst 
'A pcj cent 

f 

jViluf's in annii 
ltd pfti,)U€7:'r. Ill 
jO, fo begin a 
(lir rni) of a ^ onv 
inierest 4 per cl 

1 

j Interest 
t5 pi r r 

10 

1.255 

2.015 

.070 

. 11.3 

If) 

1 ,5 s: > 

2.4-14 

. J 0() 

.14i) 

20 

2.n2sS 

2.08(1 

' .1-1(3 

.193 

25 

2.5()-l 


.203 

.2.'-'9 

30 

3.3(39 

4.50.S; 

.207 

.otiii 

35 

4.446 

5.0Y)7| 

.4(3(:j 

.55(1 

40 

5.g53 

7.2321 

.822 

.05(t 

Valnes of thf 
•ameanniiits af. 
ter 5h, to ages 



Values in an¬ 
nual payment', 
till j,). 


30 

2.114 

2.037 

.197 

.211 

35 . 

2.722 

3.(332 

.24 I 

.297 

■40 

3.732 

CO 

o 

.394 

. 4 O 4 

45 

5.088 

(3.115 

.703 

.803 

Talues of tin 
»ome annuilj, 
after 60, to ages 



Values in annual 
pajrnent.s till 60 


35 

1 .66/ 

2.200 

.135 

.168 

40 

2.234 

2.923 

.203 

.245 

45 

3.0 4 3 

3.811 

.327 

.384 

50 

4.255 

5.061 

.(300 

.07 9 


The numbers in the 2d and 3d columns 
of this Table, mukiplied by any annuity, 
will give the value of that annuity in a single 
payment, to be enjpyed for life, by the ages 
corresponding to those numbers in the first 
column, after the age at the head of that 

column. 
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column.—And* in the same manner; the 
numbers in the 4th and 5th columns \^ill 
give the values in annual payments.—Thus : 
Tlie value of -^’44 pe;- annum, to be enjoyed 
for life, after 50, by a person non’- 40, (in¬ 
terest at I per cent%) is 5.g5 3 multiplied by 
44, or ,€2(ji.() in a single p..»'ment; and 
’.822, inukiplied b^' 44, or i£,’)(i.i7, \n on- 
nual pavmcnts till 50, the tirst payment to 
t)e inade at the end of a vear. 

] n order to find the same values, partly iii 
annual payments, and partly in any given en¬ 
trance or admission money ; say, “ As the va- 
“ lue of the given annuity in a .s’-'/;g/e payment, 
“ (found mtlic wn’.y just mt:^itioned) is to the 
“ given entrance money, so is its vahve in an- 
“ 7iu(d payments, to a fourth proportional; 
“ wdiich, subtracted from the value in ammal 
“ pay molts, the r'cmainder will be the annual 
“ payment due, over, and above the given 
“ entrance money.” 

EX AM PL E. 

Suppose a person now 4o, (o be willing to 
pay iC2oo entrance-money, besides such an* 
annual payment for 10 } ears as shall, toge¬ 
ther with his entranee-i^ioney, be sufficient 
to entitle him to a life-annuity of c-:£'44 after 
50. What ought the annual paynleiit to be? 

ANSWER. 

^8.55.—For, s£2di.Q, is to ^£200 as 
1 X3O.17, 
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^36,17, to £ 27 . 62 -, which, subtracted froTn 
^^QA7, the remainder is £?>A^5. 

This Table has' ])ecn calculated from the 
probabilities of iivinp^ in Table V. in the next 
Tolume, andblr. /h'd/o/crd’.v valuation of lives. 
The probabilities of life ainonri; the inha¬ 
bitants of Loudon, 'dve (ais I have often jiad' 
occasion to observe) much lower than 
among the generality of mankind; and tlie 
values in the preceding Table, bad they been 
given agreeably to the Lemdou Observations, 
would have been less. But, certainly, an 
Oiiice or society,«that means to be a perma¬ 
nent advantage tu the public, ought always 
i." take- higher rather than lower values, 
i .>r the sake of rendering itself more secure, 
and gaining some pt'ofts to balance losses and 
c'.3 f'C'/’ces.’ 

'iliere bave lately been established, in 
Loudon, several societies for granting such 
aneuihes as those now mentioned ; and he 
that wbl compare their true v.alues, as they 
may be learnt from the prccedir.g Table, 
jvith the terms of admission into these socie¬ 
ties, as givmn in their printed Abstracts and 
Tables, must be surjrrised and shocked. They 
are all impositions on the jiublic, proceeding 
from ignorance, and encouraged by credulity 
and folly. 

It has been shewn ; that the proper pay¬ 
ment (allowing compound interest at 4 per 
cent.) for an annuity of cii.’44 to be enjoyed by 
6 a person 



141 


Annuities for old Age. 

a per^ion nowno, for what may happen to re-, 
main of his life after 50, is ^'200 in admis- 
sion-movcij ; besides .ft,8.55. or Kv. in 

annual payments till he aUains 50, the fir.'^t 
of these payments to be made at the end of 
a year.—The con^ditions of obtaining this 
annuity, according to the ])resent '1 ables of 
XXxcl^audable Socictif of Annuitants for 
ncfit of Age,{*) consisting of about 1300 mem¬ 
bers are ^ 1 7 s. in admission-money, and 

14s. 'mannualpayments. —Accordingto 
theTablcs of tlie societyof London Annuitants 
for the Benefit of Age, the conditions of ob¬ 
taining the same annuity are ALtjo in admis¬ 
sion-money, and £lo in annual payments .— 
The Equhuhlc Society of Annuitants^ requires 
for the same annuity <ft5 38...10.s'. in admis¬ 
sion-money, and .ft; 13 in annual payxnents. 
The true value is, o^’cr and above t])e adniis- 
fiio;?-money just mentioned, an annual pay¬ 
ment of cftlSO. .. 1 7s. (interest reckoned ata per 
eent.) or an annual payment of ftl’36... 1 5,?. 
(interest reckoned at 3 per cent.)—Lhc Lon¬ 
don Union Society for the comforiidiie sup¬ 
port of aged members promises an annuity of 
no less than 5.0 guineas for life, after 5o, to a* 
person now 40, for ,ft,'io...l06\ admission- 
money, and eft’/ ill annuKi payments. 

'i'hc Amicable Society of Annuitants for the 

^ 3'lve iirst inemljers of ihis ^.S.ociety have paid no *d- 
niission-money ; and are now expecting ^44- per arunim 
for contributions which do not entitle them, one with 
another,*to per annum. 

(*) Most of these .Societies have long ago ended in 
ruin.—M. 

henefip 
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henejit of age, promises an afmuity of s£.2Q 
pe^ annum, for Jiio, to a person now^ -lo, after 
artainin^ 50, for ,£28... ]0.v. in adnmdo?/- 
money, and /£i)*ln annual payments. —The 
true value of this annuity is ^£’28... 10',y. in 
admiss'/on-muiicy. and ,y(|l in annual 
payments, (interest supposed at i per cent.) ; 
or the same sum in ad'^nisstoji-nioncy, and 
.§£20... 18.S. in annual payments, interest sup¬ 
posed at 3 per cent. 

The Provident Society for the henefit of 
age, consisting of 128o members, promises an 
annuity of £,‘20 to a person now 40, after 
the age of 50, (or 34 guineas in admission- 
money, and eight g«iineas in annual pay¬ 
ments. The true value is, 34 guineas in ad¬ 
mission-money, and 15... 12.V. in annual 
payments, interest at 4 per cent. ; or, the same 
sum in aibnission-money, and e£’i() in annual 
payments, interest being at 3 per cent^. 

Jbit I will not tire tbc reader, by going, in 
tins manner, tbrough the schemes of all these 
societies. The contrivers of them, it is certain, 
can know nothing of the principles on wlpch 
the rule in Quest. VI. and the denionstration 
of it in Note (B) at the end of this volume, 
arc t’ounded; and, therefore, if unwilling to 
he guided by the autlioritj'of matheuiaticians, 
it may nof,he possible to convince them of 

* The account here given of tl)e terms on wliich a 
person whose age is i(), is admitted into these societies, 

I liave taken from their printed Tables as they, stood at 
the end of the year ] 770.—In tlie younger ages, the de- 
licicncics are greater. 


their 
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Uieir mistakes. I will, however, offer to 
them the following demonstration, wl^ieh 
will be understood without dithcultj, hv 
every one who knows how to conij)ine tlie 
increase of money at comj>ound interest. 

The value of a\lil(* at (interest being 
at 4 per cent) is ] 1 -'- years purchase by Ta- 
,ble \ 1, in tiic n^‘xt volume. For an an- 
tiuit}', tiicrclbrc, of £ i4 per annum for life, 
io be enjoyed by a person at this age, 5^408 
ought to be given. 'Two in three of a nurn-t 
ber of persons at the age of 32' will (bj 
d'ables V, VllI, and XVll, in the next vo¬ 
lume) live to 5o; and therefore, in order to 
be ablc^ to pay an annuity to them of <5^44 
for lii'c, aft(,'r . 00 , the money now i^dvanced 
by every three, ought to be such as will, in 
consec|uence of being laid up to be improved, 
increase in 18 years to double .s£’4Q8, that is, 
to —From tht; preceding Table it may 

be learnt, tlsat the money which ought to be 
advanced by every single person is or 

by three persons .,^£^495 ; and this, in 18 
yiairs, will (as may be learnt from Table IIL 
in the next volume) double inself, or increase 
to just the sum that will then be the value of 
the annuities to be paid.—But the money re¬ 
quired in tliis case by tha Laudah/e Society, 
is .£'14... 1 from each meipber at ad¬ 
mission, besides an payment of 

'J'he admission-money, therefore, of two 
members, being ,£’ 29 ...3.9..., 6 ^/. may be in- 
creaseef to twice this sum, or to ^£’58...7'S. 

An 
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An annual payment of fov 18 years will, 
if perfectly improved at 4 per cent, com¬ 
pound interest, increase to Ji 102 ; and two 
such annual payments will increase to J. 204, 
as may be learnt from Table IV, in the next 
volume, I 

The whole pay, therefore, of lira mem¬ 
bers ^^’ill produce at the end ot 18 yearS' 
J^2(52...7s .— A third par^ I have said, 'vN ill 
die before 50 years of age, and thesf'will 
'hve one with another () years. An annuity 
of £.4 fovthis time, will produce a capital of 
£42 .See Table IV. in the next'so- 
liime; and this capital improved for nine 
years more will increase to ,Xt3o. Ihc \\ hole 
profit, therefore, from the memher wlio will 
die is, his admission-money doubled and add¬ 
ed to ,,f,t)0, or And tiiis sum 

added to £2(\2...'^s. makes'h-Sfi i... i o,s...(j^/ 
the tvhole money with which the societyMian 
be provided, at the end of 18 years, to beai- 
the expence of two life-annuities, worth to¬ 
gether 

By a similar computation it maybe found, 
that the improvement of money at only 3 per 
cent, will sink ihcformer sum to c£’324 at the 
same time that the values of the annuities 
will be I'aised to ^l loo. 

The deficiencies in the schemes of most 
of the otfier societies, are no less consider- 
able.—What confusion then must they pro¬ 
duce some time or other ? How barbarous is 
it thus to draw money from the public by- 

promises 
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promises of advantages that cannot be obtain¬ 
ed? Have we not already suffered too muck 
bv hubbies P 

m' 

1 liave said, that these societies are im- 
positions on the proceeding from 

ignorance, and supported bv credulity and 
“ lolly.” J3ut this is too gerUle a censure. 
'Rierc is reason to believe tliat worse princi- 
])l(\s have contributed to their rise and support. 
'I^lie ])rescnt members, consisting chiedy of 
pcM'sons in the more’ advanced ages, who have 
been admitted on the easiest terms, believe 
that the schemes they arc supporting v\ill 
. last their time, and that they will be gainers. 
b\iid as to tlie injury that n<ay be done to 
their successoi's, or to younger ?;?e////ieri‘,i4isata 
distance, and theveare little about it. Agree¬ 
ably to this principle, the founders of ihese 
societies begin so* low as not to require 
jterhaps a fourth or a fifth of tlu' values of 
the annuities they jiiaunise. Aftcinaards 
they advance gradually, just as if they 
imagined, that the vadue of the annuities 
was nothing determinate, but increased with 
every increase of the society. But, as no 
ignorance can believe this, the true design ap¬ 
pears to be, to form soon as large a society 
as possible, by leading the hnwary to endea¬ 
vour to he foremost in their applications, lest 
the advantage of getting iji, on the easiest 
terms, should be lost. It is well known, that 
these arts have succeeded wonderfuliy; and 
that, in consequence of them, these societies 
VOL. I, L now 
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now consist of persons who,‘for the same an- 
m^ities, make higher or lower payments ac¬ 
cording to the time when they have been ad¬ 
mitted; and tlut generality of whom, tliere- 
fore, must know, that either more than the 
values have be('n reqUjred of the members 
last admitted; or, if not, that they are them¬ 
selves exjx'cting eonsidprable annuities, fur 
which they have given no valuable Consi¬ 
deration, and which, if paid them, must he 
stolen from the pockets of some of their fei- 
•low’-me1nbers 

I do not, however, mean to condemn all 
institutions of this kind. They may be very 
useful, if the lull values are taken, and pro¬ 
per care is used in the improvement of tnonc}. 
Interest, in these cases,ought not to be reckon¬ 
ed higher than 3 per cent, and, supposing 
money impro\ ed' at this rate, a person, for a 
single payment of before he is 40, 

might be entitled to a life-annuity of 1 o gui- 


'' If any person wants more information than I have 
given him concerning these societies, lie should consult 
a work of great merit, published since the second edition 
of this treatise, and entitled, Calculations deduced 
from first Principles, in the most familiar Manner, hij 
plain Arithmetic, for the Use of the Societies instituted for 
the Benefit of old Age ; intended as an Litrodm lion to the 
Study (f the Doctrine of Annuities;. l?y Mr. Dale, a 
Member of one of the Societies. In this Treatise there 
is not only a very ample account given of the insufli- 
ciency and iniquity of'the schemes of these Societies, but 
the principles on which the values of all annuities on 
single lives are determined, and the method of calculating 
them, are explained with the greatest clcaraess. 


neas 
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ncas after 55; or, if he chuses it, to a life- 
annuity of 17 after Cio. But if he pays ti*e 
same sum before he is 34, he might be en¬ 
titled to a life-annuity of jQl4 after 55, or 
^£22 after 60 . ^^2 5 would piirehase for him 
half these annuities) and double. 

A socicly or office that would go on this 
plan, migliL do greaVservice. Persons in the 
low cr stations of life might be brought to a 
I^al>'t of industry, in the beginning of life, 
by striving to get £B,25, or .£ 50 , betbrehand 
in order to purchase such annuities, and thus' 
to make provision for themselves in the more 
advanced parts of life, when they will be in¬ 
capable of labour'. 

It 


‘ The benevolent Mf. Hoivard, in bis Slute of the Pii- 
'Ons in England and M'dEs, p. (>b. t)cta\o [idit. gives 
the following account of an Institution at liarhnn in Hol¬ 
land. “ In tills citv,” lie says, “ tbcre is a noble lios- 
“ piml, tiiry and spiicious, called tbe Procvcnitr^, in 
“ wliich the persons admitted arc decently [irovidcd with 
“ meat, drink, and lodging, during their lives, and a 
“ burying-place at their dtcease. Persons of all ages, 
“ from 20 to the most advanced periods, are admitted, 
“ though it is not common for any under 40 to apply for 
“ atlinissiou. At entrance each person pays a greater or 
“ smaller sum, according to his age. If his age is 30, 
“ he pays 45/00; if 40, he pays 3900; if 50, he pav« 
“ 3300; if GO, 70, &c. he pays 27»0, 2100, &c. florins ; 
“ and in proportion to tlie^e sums, at all the intermediate 
“ ages.—A cominori table is provided for all tliat are not 
“ sick or iiifnm.—It often liappens 4hat there are not va- 
“ cant places when persons desire admission. Bnt many 
“ secure places before a vacancy, by paying 200 florins 
“ in advanc^i of their entrance-money, in consequence 
“ of which their names are inscribed in a list, and the 

1. 2 “ nioiiey 
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It is proper to obsen^e here, that institu¬ 
tions of this kind would furnisli one of tlie 
saf'csl wavs of providing for widows.—A 
married man nfight, ])vpaying o£loo before 
his wile attained -JO, inf tie her, after .'J.'I, or 
Go, to a life-annuity oil A'-1, or.A’.^-i. Or, 
by pa} ing the same sum before she attained 
3-1, he might iniitle her(‘after tlie same agds, 
to a life-annuity of ,A’28, or/^’ i4*'; a?id in 
this ca,se he w'ould have a chanee of sharin/g 
himself in the benefit of the annuity. 

I have called this the safest way of pro¬ 
viding for widows, b('cause attended with 
none of the dangers arising from dispropor¬ 
tion of age between men and their waves, 
and from the admission oi'jversons labouring 
under concealed distempers. . 

J canned con/dude this Section, without 
mentioning the f'ollov.drg plan of a provision 
for Old Age. 

Let 13 guineas !)e gi'.('u as enlrctvcc-iuoney; 
ai?d h't besah's .Ah'. .X'3, .£,4, &c. be 
giVc n at the bc'gimang wt the 1st, 2d, 3d, dtli, 
&c years, as tlu' pavmcnts lor these'} ears re¬ 
spectively ; and h’t the last pa.yment becA’lO 
at the beginning of the iGtli year. All these 
paynjcnts put to^etlier will, according to the 

“ money trlcductcd from the Mini letj'.iiied '.\luai tiicy 
“ ontei.—'those who elinse to le.'!\e t!u‘ liuiise, reeeivt', 
duriii;; (lie rcmaiiiaer of their live'-', a eertain hiif small 
“ interest for the stim wliich they jiuid at adiiiission.” 

Tlie same payment before 30, would entitle to an an- 
luity of after 50. 

probabilities 
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probabilities of libi in the 5th or 8th I’a- 
bles in the next volume, (interest being at 
-1 per cent) enbtic; a jx'rsun, A\ hose age was 
•to w'icn lie begun ihein, Vf an annuitv, al¬ 
ter 15 years, beginning vvitli ,/Jl5, and in- 
ereasmg at the ral^ of elii e^ery year, till 
at the end ot 1" yt'ars, oi'‘ when he has 
seached to 70 , it he^ornes a standing annuity 
ot lor tin; remainder of his’hfe. 

I It tlie addition of three guineas is made to 
flu; enlrancc-inoney, for every year that any life 
''hetwmen 30 and -io falls short of 40,‘ the va* 
lue will be obtaiinal nearly, of the same an¬ 
nuity to he enjoyed by tha(, life, after the 
same number ot years, ai^J increasing in 
the same manner, till it becomes statjonary 

and double. - This plan is particularly 

inviting, as it makes the lurgest pa}'ments 
become due, whert the near approach of the 
annuity renders the dneouragement to them 
greatest; and as, likew ise, the annuity is to 
increase continually with age, till it comes 
to be highestw hen lite is most in the ’d(‘- 

cline. 


' According to the jiroljabilitlcs of life in the Londo?i 
Tabic, tliis annuity should be greater.—A TIiL-otcm for 
finding what the iinnnity ought to Ijc in these cases, ii 
given in Note (I), at the cud of tins volume. 

The lower part of mankind are objects #f particular 
compas'-ion, wlicn rendered incapable, by accident, sick¬ 
ness, (}r age, of canuug their ’subsistence. This has 
given rise to many very useful societies apiong them, for 
granting reiief to one anutlier, out of little funds supplied 
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dine, and when therefore It will he mo«t 
useful—It is further a recommendation of' 

this 


by werklif contribution*. A ^clety of this kind, formed 
on the ioilowing plan, would probably thrive. 

Let the society, at its first establishment, consist of IQO 
persons, all between SO and 4f‘ ; and whose mean 
may therefore be reckoned 36; and let it be supposed to 
be always kept up to this number, by the adrnission of 
new members, between the ages of 30 and 40, as ol,j^ 
members die olT. Let the contribution of each nicmber 
be four-p^nce per week, making, from the whole body, 
an annual contribution of J?85 . I7s.—Let it be further 
supposed, that seven of them will fall every year into dis¬ 
orders, that shall incapacitate them for seven weeks.— 
4^30...12 j. of the s^nnual contribution will be just suffi¬ 
cient to enable the'society to grant to each of these 12r. 
per w'cek', during their ilkie«ses. And the remaining 
pn- annum, laid up and carefully improved at 3 j per cent. 
will increase to a capital that shall be sufficient, according 
to the chances of life’in, Tables V, VIII, and XVII, in 
the next ‘volume, to enable ,the society to pay to every 
member, after 67 years of age, or upon entering his 68th 
year, an annuity, beginning with ifS, and increasing at 
the rate of jSl every year for seven y(Mre, till, at the age 
of it came to be a standing annuity of ^12 for the 
remainder of life. 

Were such a society to make its contribution seven 
pence per week, an allowance of 15i. might be made, on 
the same suppositions, to every member during sickness; 
besides the payment of an annuity beginning with 
when a member entered his 64th year, and encreasing ioc 
15 years, till, at 79, itr became fixed for the remainder of 
life at .^20. 

If the prSbabllitiCs of life are Idwer among the labouring 
■poor, than among th^ generality of mankind, this plan 
will be so much the more sure of succeeding. 

In 1773, a p^phiet w£b pilblishfed, entitled, A "Pro- 
posal for EstaUishmg Life Arimlties in farisitss, for the 

Beneft 
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this plan that less depends in it on tlic im¬ 
provement of money than in most other 

plans. 


Benefit of the industrious <Boor.’'—“ It is,’^ says tills writer, 
“ a common (a) observa|on that the money annually 
“ raised for the poor, amounts to, at least, a million a 
“year; and that yet in many places they arc but indif- 
^ fer^itly provided for.X To make provision for one’s 
“ old age is so natural a piece of prudence, that it seems 
“ at first siglit wonderful, that it should not he generally 
•> [iractised by the labpuring poor, as it is almost uni- 
versally by persons in the higher paths of industry: 
“ Nor can their negligence in this respect be accounted 
“ for, in any other way so naturally, as by ascribing it 
“ to their wanting proper opportunities of employing the 
money they might save, in some safe and easy method 
“ fliat would procure them a suital^e advantage from it 
“ in the latter periods of their lives. Tiiey know, for 
“ tlie most part, but little of the puliic funds; Snd when 
it happens that they are acquainted with them, the 
‘‘ smallness of the sum they would be entitled to receive, 
“ as the interest of th’e money they could afford to lay 
out in them, is no encot.vagement to them lo dispose 
of it in that way. What inducement, for instance, 
can it be to a man who lias saved ten pounds out of his 
“ year’s wages, to invest it in the purebase of If per cent. 
“ Bank anmnlies, to consider that it will produce him six 
“or sev(‘u shillings a year? It is but the wages of three 
“days labour. And if they lend their money to trades-' 
men of their acquaintance, as they sometimes do, it 
“ happens not unfrequently that thtur creditor becomes a 
“ bankrupt, and the money they had trusted him with is 
“ lost for ever; which discourages others of them from 
“ saving tlieir money at all, antf makes them resolve to 
“ spend it in the enjoyment of present pleasure. But if 

(«) The amount of the poor-rate for one year at the er,4 
of the reign Of king Charles 11. was i£’665,s62. See 
Davenant's works, Vol. I. p; 38.- — -In 1777> was 
j?l,55C,8D4, according to the returns made in that year 
to parliament by the ovefsefcrs of the poor. 


“ they 
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plans.—But I must leave these hints to be 
pursued by others. 

The 

“ they saw an easy mctliod of employing (he moricy (hey 
“ couh! "-pare in a ?n:aiii/i' as would procure (hem a 

‘‘ considmable income in retuin for it at some future pc- 
“ riod of tlieir lives \\ ithout any such hazard of losiny it by 
“another mans folly or niist^'tuue, it is probahic th»y 
“ would frequently embrace it; And tlnis a dimimfiion of 
“ the poor-rate on tlie estates of the rich, and inoeasc of 
“ present industry and sobriety in the poor, at'.d a inoic iijj- 
“ dependent and eoinfortable supjlort of them in (heir old 

atre, would be the liappy consequences of such an esta- 
“ blishment. Now (his might be effected in the following 
“ method.” 

First, “ Tv<;t thc.church-wardcns and overseers of eti ry 
“ parish be impovvered, by act of parliainetit, to giant lite- 
“ anmiities to such (V the inhabitants of the parisli as shall 
“ be inclined to purcliasc them, to commence at the end of 
“ one, two, or three years, or such other future peiiod of 
“ time as the purchaser shall chuse, and to lie paiil out of 
“ rlic [)oor-rates tif the parish, so,that the lands and otiicr 
“ projieny in the parish ihat^ is chargeable to tire poor- 
“ rate, shall be ansvvcrable for the payment of tlicse an- 
“ nuliies. This circumstance would give these annui- 
“ ties great credit with tlie poor inhal itants, by setting 
“ before them a solid and amjjle secui ii}’ for the payment 

of them.” 

Secondly, “ Let the annuities, tliiis granted to the 
“ poor inhabitants, be such as arise troiii a supposition 
“ tl'.at tlie in'erest of money is 3 per cent, or .some h'gln r 
“ rate of inteicst, if the church-wardens and overseers oi 
“ the poor think fit to make use of siieli higher interest.” 

Tliirdly, “ But at tL; rate of 3 per cent, tlic piircliaser 
“ should have a right to an annuity, and the eiuirrh-war- 
“ dens Mid oversccr.s of the poor .should be eonijieliable to 
“ grant it.” 

Fourthly, “ No annuity depending on one life should 
“ exceed .■£20 a year.” 

Fifthly, No less sunti than should Jre allowed 
“ to be emplojed in the purchase of an annuity.— 

“ Tills 
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The body oV dissenting ministers in Lon- • 
don had under consideration some time^go 

“ 'riiis is to avoid intricacy and |iiulliplicity in the ac- 
counts.” 

Sixthly, “ An exact \cgi?ter of tiicse grants ‘•hoiild be 
“ kept, l)y the chtirch-vvardcns and overseers of the poor, 
“ In pro|)cr Ijooks for tlie purpose, in which the grants 
should he copit'd c>^ct1y, and the copy of each grant 
“ si.^.tscrihed iiy tin- j)crsou to ndioni it is granted. And 
“ this copy, in tiic register-book of the parish, sitould be 
“ good evidence of tlie purchaser’s riglit to the annuity, in 
case th(' oiiginal dcid of grant to the purcltaser, which* 
“ was (h livered to him at the time of the purchase, should 
“ be afterwards lost.” 

Scventlily, “ The, money thus paid to the church- 
warden.s and overseers of the poo,f for the purpose of 
“ life-annuities, should be employed in the purchase of 
“ .‘5 per vent, llank-annuities in thefjoint names of all the 
churcli-wardcns and overseers, and by them»transfcrred 
“ at tlie exjiiration of their offices to their successors, and 
“ so on to tlie next successors for ever, so as to be 
always the legal pifoperty of the cinircb-wardens and 
“ overseers of the poor for the time beiinr, nn trust for 
“ tlie persons who shoulS be entitled to the several life- 
“ annuities, granted in the manner abovementioued; and 
“ the interest of this money slioiild be received every 
“ half year, and invested in tlie purchase of moro jirin- 
“ cipal coiuimially, so as to make a perpetual iund for 
“ the jiayment of tlic annuities, Ike. lie. Delivtiencie^ 

“ if any should ever happen, to be made good by tlie poor- 
“ rate.s, &c. &e.” 

d'he very able and public spirited writer of the pam- 
jildet from which 1 have taken this quotation, now ( ui^itor 
Barr!) of tlie llxchc(juer, took ^Tcat pains to carry into 
execution the design he has explained in it. ^\ ith this 
view, a liill, with suitable Tables annexed* was buought 
into the House of Cbmmotis and su|)poried by the excaj- 
Icnt Sir Gtorge Saville, tlie late Mr. Duwdcsu clt, and 
mtinv others of the most respectable members. It passed 
iliat ’House without much opposition, but was rejected in 
the House of Lords. 

1 a plan 
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a plan of this kind; and a set of Tables 
composed for them. The design was 
dropped; but as it is possible it may be taken 
up again, and tht; Tables may be of use, I 
have thought fit to presec’/e them by insert¬ 
ing them among the adfiitional Tables and 
Observations in the next volume. 


Additional Account of the Societies for thc^ 
Benefit cf old Age. 

Since the publication, in three former 
editions of the Observations in the pre¬ 
ceding Section, almost all the Societies men¬ 
tioned in it, convinced of the insufficiency 
and pernicious tendency of their plans, have 
dissolved themselvps, and distributed among 
their sukscribers the money they had paid, 
with such interest or profit as remained after 
deducting the expences of management; and 
there are now lef t within my knowledge only 
two of these societies which require any par¬ 
ticular notice. I mean, the Amicable and 
the Laudable Spcietiesyhr the Benefit of Age. 
The first of these Societies mentioned in 
p. 142, finding upon examination that, in¬ 
stead of an annuity^^of they could not 

in reality afford to pay a higher annuity 
than ^8, determin,ed, with great fairness, to 
leave it to the option of all their members, 
either to continue their contributioijs with 
a view to this reduced annuity, or to take 

back 
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back all they had paid and withdraw. Near 
two hundred members having chosen ^he 
former, the Society now consists of them 
onl}% and therefore can scarcely be in any 

danger.-The cvher Society, mentioned 

p. 141, has also sunk the annuity it pro¬ 
mises from £^’44 to c£24 ; but it is cer- 
taiii, that it cannot permanently pay to all 
its members a greater annuity than 15. I 
should lose too much time were I to give^ 
an account of the calculations wdiijch prove 
this. He that would see it demonstrated 
with all possible clearness, should consult a 
Tract published in 1777 , by Mr. Ha/e, en¬ 
titled, A Supplement to tCalcidations de¬ 
duced from first Frinciples, &c. IS© person 
who understands common arithmetic can 
avoid being convinced .by the evidence 
offered in this "fract, nor can any honest 
man avoid being shocked by the narrative it 
contains of the obstinacy with which the 
majority in this Society have persevered in 
error, contrary to the efforts of the more re¬ 
spectable part of the Society; and in defiance 
of reason, justice, and humanity. I cannot, 
in short, speak more properly on this sub¬ 
ject than in the words of Mr. Morgan in his 
'Freatiseo?; the Doctrine of LifeAmitdiics and 
Assurances, p. 47. “ There is (»ne Society 

“ for the benefit of old age still left, o*i 
“ which, none of the calls of justice and 
“ humanity have been able to make any pro- 
per impression. 1 mean the Laudable So- 
2 “ ckty 
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“ cietj/ of Annuitants, v/hosc office is held 
‘‘ at the bottom of hartliolonieiv-Lave. In 
“ opposition to tlic plainest ('\id(Mice, tliis 
“ Society pK's oi(. to olfer douhle tlie anmiity 
" it can arford to p:i} ; mid the late tians- 
“ actions in it (a.-, reiclf'd by Mr. I'uile in 
“his Supplcinev.i) cxliiliit an instance' ot 
“ such an obstinate aiyi wilfid perseve-^' 
“ ranee in imposition as hath .seldom 1 cen 

“equalled.-1 am sorry to ad.l,” ■‘-ays, 

‘Mr. Morpan, “ that this ^ensure is apjilica-'t 
“ ble to 'another S.,cie.y called also I^.-mioa- 
“ BLE, but in reaiity rEicMcious, as many 
“ suffering widqws will some time or other 
“ experience.” ^ 

It is here said, that this Society promisc.s 
double the annuity it can pay; that is, :-£.‘2A, 
when in reality it can pay only t 2 ; \\ herc- 
as I haye said that it may pa}" cA’lfi. In 
order to explain this dhi’crence, it is neces¬ 
sary to observe that Mr. Dale has shewn 
that^i^lS nearly is the annuity which the 
Society can atlord to jiay according to the 
chances of living in Dr. Ihdlefs or the 
Ih'cslaw Table; but that the chances of liv¬ 
ing in the Society had for eight years before 
] 776 ", (when the number of the Society was 
above 1300, and its stock near cfpdpoo) 
been foum| by particular enquiry to be not 
ri(uch less than double to those at the same 

" I know not what the rate of niortalit)' in the Society 
has been since tiiis year. 


ages 
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■e.ges in tbc I'aLle; from whence it follows, 
that the annuity pa\ able by the Society bdng 
more valuable, it onglit not to be so hign as 
.L'lf), nor probably more ^han —The 

tact nov.' n)cntionc<I is important, but not sin¬ 
gular; lor it has V)cen found to take place 
in other similar situations; and the reason 
"is, that Dr. IIdl/c^'s ami most other Tables 

• t' 

of Observationb give the chances of living as 
they exist in towns among men of all sorts 
taken in the gro'ss; whcreiks such Societies' 
as those for the benefit of old ag*e, and in 
general all purchasers of life-annuities for 
themselves, must consist of g selection of the 
best lives. 


roSTSCRIPT. 


Since the preceding tdbservations were 
written, 1 have been informed ‘that this 
Society has reduced its annuity from A^24 
to a9.20. This reduciion. t('getlier witii the 
high interest at vt liicli money may beTiow 
imfiroved (particul.irly in the short annuity)^ 
M'ill prolong considerably the duration of the 
Society; but unless it is favoured by uncom¬ 
mon events, cannot make it ]>ermanent 

SEC T. 


" See additioual Observations on Civil Liberty, page 
1.35. 

Tlii# piediction bas been abundantly verified,- for, 
after having gradually leduccd their annuities to ai S, it 

appeared 
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SECT. VI. 

Of^'.he Amicahle Society for a perpetual Assu¬ 
rance Office: And the Society Jar Equitable 
Assurances on Eiocs and Survivorships. 

^ t ' 

X HE 1 Oth Problem has-been given, with a 
particular view to the corporation of the 
Amicable Society, for a perpetual Assurarice- 
Othce on single lives, kept in Serjeant's-Ivn. 
This Society was established in i7o(j, and is 

appeared fr6m an investigation of their affairs wliicli had 
been made by myself in 17 B 6 , that tlio Society could nor 
then afford to pay their annuilanis more tlian six guineas 
a year. The of their members at that time liad 

sunk from 1300vio 20l, while their claimants liad in¬ 
creased to 564, and their capital whicli had onct‘ con¬ 
sisted of .^96,000 stock in ihc. ihrcc p-r a rl^, had been 
diminished more than one half.—It htis, houever, been 
found from sultserjuent experience that, low as those an¬ 
nuities were ti>cn rcdu(?ed, tlte cii»?umstanccs of the So¬ 
ciety required tiiat tiicy should pc reduced still lower.— 
In the year 1/96, In consequence of a fresh application 
from tills Society, I was engaged a second time in the 
examination of their afiairs.—/\t that period tlie annui¬ 
tants 'were 471 , and the members who iiad not become 
claimants amounted only to 21 —I he residue of their capi¬ 
tal had been changed from llitci' per ccri/.t into .afi/qg) per 
annum in the Short, and jL'tiGO per annum in the Long An¬ 
nuities, which, from the extreme depression of jnihlic credit 
were then hardly worth 17 , 000 .—This depiession, more 
than any other cause, had produced such a deficiency in the 
accounts of the Society ar to render it absolutely necessary 
to reduce the annuities from 6 guineas to £z >.—But tliey 
hate since betfo enabled by the improved state of the pub- 
Im funds, and other favourable circumstances, to restore 
those annuities again to 6 guineas; arid it is probable dur¬ 
ing the remainder of their existence that they will escape 
the mortification of submitting to another reduction. M. 

the 
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the only one I am acquainted with, which has . 
stood any considerable trial from time and 
experience. It is limited by its charted to 
the disposal of shares or numbers (not to ex¬ 
ceed 2000) held by single lives, and entitling 
to claims when thtl lives drop. For each of 
these shares every purchaser pays at entrance 
^/...los. beside^ as the first 

quarterly payment of .s^G.. . 4 s. per ann. to be 
continued during life. An annual dividend 
•of for'each share is allowed to* 

every purchaser out of the profits of the cor¬ 
poration, which reduces the annual payment 
for each share to ^'5. The net annual in¬ 
come arising from all the a’nnual payments 
(making ^'10,000 when the Society is full, 
and all the shares are disposed of), is equally 
divided among the nominee^ of such mem¬ 
bers as die within the yeifr; which dividend, 
therefore, is more o? less at the end'of every 
year as a smaller or greater number of the 
members happen to die in that year. In 
1757, the Society engaged that this dividend 
though it might be more, should not be less 
on each share than dB.125, and in 1770% that 

it should not be less than -No one 

person is allowed to purchase more than 

•* In 17575 die Society had accumulated by its savings 
.^25,800 three per cent, stock, whicli in 1^0, had been 
increased to j£^S3,.S00; and a part of this stock was in 
these years appropriated to the pigment of claims, whefl’- 
ever the number of them in any year should happen to be 
so great as to render the annual contributions insufficient to 
make them up to the guaranteed sums. 

three 
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three shares; nor are any admitted to be pur¬ 
chasers wliose ages exceed -tf), or fall short 
of i2; and all between these ages are ad¬ 
mitted on the same terms. 

This Society has, 1 doubt not, been very 
useful to the public; ami its plan is such, 
that it cannot tail to continue to be so. It 
might, however, certainly.,.Icne bec'n much, 
more useful, had it gone iVoni the Hrst cn a 
different plan. It is obvious, that regulating 
the dividends among the uow'niccs by the 
number 6f members who die every year, is 
not equitable; because it mak.es the benelit 
which a member is to recei\e to depend, 
not on the value (^f his eontribution, but on a 
contingency; that is, the number of members 
that shall happen to die the same }ear with 
him. This regulation must also have been 
disadvantageous toThe Society; as will ap¬ 
pear from the following account of the natural 
progress of the aflairs of such a Society, w hen 
established on a right plan. 

Suppose a thousand persons whose com- 
inon age is 3(), to form themselves into a 
Society for the purpose of o.s‘.s7r/ b?g a parti¬ 
cular sum at their deatlis, to such ])ersons as 
they shall name, in consideration of a parti¬ 
cular annual contribution to be continued 
during their lives. Suppose the annual con¬ 
tribution to be e£5, and the first payment' 

Such payments, it has been shewn, Question VIII. 
p. 2D, are better than any h.alf-yem]y or quari^ly pay¬ 
ments, and at the same time they save some trouble. 


to 
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to be made immediately. Suppose, like¬ 
wise the original number of the Society to 
be constantly kept up bj the admission of n(^W 
members, at 36 years of a^e, in the room 
of such as die.—In Question X. p. 32 , it 
appears, that an am ual payment, beginning 
immediately, of ^5 during a life now at the 
4ge of 36, should entitle, at the failure of 
sucfr a life, to reckoning interest at 

4 per cent, and taking Mr. De Moivres va¬ 
luation of lives.— thousand persons, all 
it) years of age, will die off at the'rate of 
'20 every year. The disbursements, there¬ 
fore, of such a Society will be^ the first year, 
20 times .3^17-, or i^ 3 , 44 o, ^and its income 
will be,i£,’ 50 oo. It wull, therefore, at the end 
of the year, have a surplus of ^€l, 56 o*to put 
to interest.—In consequence of the yearly ac¬ 
cessions to supply vacanciesV^the number dy¬ 
ing annually will be always increasing after 
the first year. In 5 o years" it w'ill get to a 
maximum) and then the affairs of the So¬ 
ciety will become stationary, and the num¬ 
ber dying annually will be 40 , and its an¬ 
nual expence will be <3£(),880 exceeding the 
annual contribution, d£l, 880 . But, in the 
mean time, by improving its surplus monies, 
it will have raised a capital equal to this ex- 

" This period will (by Question III.) be loliger if the 
Society is any time in iilling, and admits members at 
yoanger a^es than 36. It will, for instance, be 84 years, 
if the Society is teb years in filling, and admits at all ages 
between hnd 45. 
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cess, and, consequently, its affairs will be 
fixed on a firm basis for all subsequent 
timas. 

Suppose now that sucb a Society, at its 
establishment, should resolve to divide its 
whole yearly income among the nominees of 
deceased members. The efmet of this would 
be, that no capital could be raised ; that the 
dividends payable io nominees would dimif'ash 
continually, till, at the time that the greatest 
number of members came to die annually, 
(or at the end of r>o years), they would be re¬ 
duced to half; and that all claimants, after 
this period, would receive too little, because 
the first claimants had received too much *. 


‘ The reverse of this will take place, if such a Society 
leglns witli admitting at all ages, and afterwards changes 
its plan, and I'miits the age of admission. In this case, 
the number of yearly deaths will We greatest at first, and 
the dividends sjnallest. In consequence of altering its, 
plan, the yearly deaths will lessen gradually, and the divi¬ 
dends rise-, but in time both would return again to their 
original state. 

'I'lic following facts incline me to suspect, that this 
remark may he applicable to the Amicable Corporation. 

■ First. In their original charter, as it is given in their 
printed abstracts, there is no limitation of age mentioned; 
Init 31 years afterwards, I find a-bye-law made against 
admitting any person who should be above tire age of 45, 
or under 12.—Secondly. In their printed advertisements 
in 177 c, it is sakl, tlmt'^n 59 years they had paid, among 
3,64.3 claimants, .^378,181, from whence it follows, that 
though the 'average of their dividends, for 17 years be¬ 
fore 1773 , has been j^’,'54, the average for 59 yeans, has 
been only j£lOi, 


At 
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At the time'of tlie institution of the Ami- 
table Corporation, the interest of money was 
at i) per cent, and, as they admit none wh^se 
ages arc not \mder 45, the|mean age of ad¬ 
mission cannot be ipuch greater than 30. It 
appears, therefore, that had they avoided 
the error now mentioned, and gone from the 
••■*^(;^on tlie plan I have described, they might 
ha^ all along paid to each nominee < 5 ^ 172 , 
besides raising a capital much greater in 
proportion to the •number of members, than ' 
that 1 have specified, from the premiums at 
admission, forfeitures, and other advantages 
which they have enjoyed Jndeed, I can¬ 
not doubt but that on thisjplan, and with 
these advantages, they might have^ found 
themselves always able to pay at least c^oo 
to each nominee *. 

I have already ^mentioned one instance in 
which the plan of this Society is not equit- 


“ A surplus from a ihousaiul members of only./ue 
shilliN^sper annum-, duly inij)roved at 4 per cent, would, 
in 41 years, produce a capital of ^"25000. 

* It should be remembered, that all this was said in 
the former editions, on the supposition that proper care, 
has been taken to keep out unhealthy persons; that the 
ages of admission ha\e never exceeded 45; and that the 
probabilities of life among the members of this Society, 
are the same with those in the 5th, 8tli, and 17 th Tables, 
iti the next volume. But I have lately founfi the truth 
to be, agn ilably to the suspicion .expressed in the last 
note but one, that for many years after the first in¬ 
stitution of the Society, nienibers were admitted at all 
ages. 

VI 2 
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able. Another instance of this is, their re¬ 
quiring the same payments from all per- 
so^ under 45, without regarding the differ¬ 
ences of their ^ges; whereas, the annual 
payments of a person adpiitted at 45, ought 
to be double the annual payment of a person 
admitted at 12, 

Further. The plan of this Society is 
narrow, as to confine its usefulness too rntich. 
It can be of no service to any person whose 
age exceeds 45 . It is, likewise, far from be¬ 
ing properly adapted to the circumstances of 
persons, who want to make assurances on 
their lives, for pnly short terms of yeals.— 
Thus; the true^ value of the assurance of 
^150 for 10 years, on the life of a person 
w^hose age is 30, is by Quest. XIV. (interest 
being at 3 per cent.) ^2...13.t. in annual 
payments (for l6 years), “to begin at the 
end of the first year; dnd subject to failure 
when the life fails. But such an assurance 
could not be made, in this Society, without 
an annual payment of ^5.—Neither is the 
plan of this Society at all adapted to the cir¬ 
cumstances of persons, who want to make 
assurances on particular survivorships.—For 
example: A person possessed of an estate, 
ox salary, which must be lost with his life, 
has a perspn depepdent upon him, for whom 
he desires to secure a sura of money, payable 
at his death. But he desires this only as 
a provision against the danger of his dying 
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first, and leaving a wife, or a parent, with- ' 
out support. Ill these circumstances,^he 
enters himself into this Society; and by an 
annual payment of entitles his nominee 
to^I5o. In a few*years, perhaps, his nominee 
happens to die; and, having then lost the 
benefit he had in view, he determines to 
■ifet^eit his forme^ payments, and to with¬ 
draw from the Society. In this way pro¬ 
bably, this Society must have gained .some 
advantages. Buf the right method would 
have been to have taken from siich a person 
the true value of the sum assured, “ on the 
“ supposition of non-payment, provided he 
“ should survivh.” In this/way be would 
have chosen to contract wdth the Society; 
and had he done this, he would have paid 
for the assurance, (supposing interest at 3 per 
cent, his age 30, *the age of his nominee 30, 
and the probabilities* of life as in the 5th, 
8th, and 17 th Tables) sBi...Ss.'i in annual 
payments to begin immediately, and to be 
continued during ihejomt continuance of his 
own life, and the life of his nominee. 

5 The value of .^150 payable at the death of a person, 
aged 30, provided he Survives another person of the same 
age, is, iy Question XI. Cham I. .#4S.65; and this 
value divided by 13.43 (the value increased by unity, of 
two joint lives both 30), gives ^3.4, or i^3...8i.--jThe 
value of the same reversion, according to the pfidjabilities 
of life in Lond&A, is, £49.19,* in oiti payjtient; ana 
j^4.16, in payments, during the joirit lives, the 

first paym^ut to be made immedatdly. 


Further 
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Jl HE affairs of this Corpqrationhz'vt\zic\j 
taken a very favourable^ turn. The divi¬ 
dends, from the annual contributions of c£5 
for each number, which for eight years, 
• ended in- 1769 , had not been a£’l5o on each 
claim, have, for eight years ended at 1779 , 

been nearly ,s ^200 ^-The subsisting 

shares have increased from 112 o, (their 
number in 1 / 6 ^) to 1990 (their full com¬ 
plement nearly) in 1780 ; and in the same 
time the stock of the Society has been in¬ 
creased from .f£’33,3oo to ^51,300 in the 
3 per cent, annuities; in. consecjuence of 
which i't finds itself new' possest, after dis¬ 
charging all expepces, of a clear surplus of 

about ^£T,350 per ann. - In these circum- 

^tan'ces a proposal has been made to the So¬ 
ciety to discontinue the increase of its stock, 
in order to mak<^use of the surplus in in¬ 
creasing the dividends on claims. This be¬ 
ing an inviting proposal, it is not surprising 
that the Society in»general has shewn itself 

^ This dMdend for 1780, was hut 

fcade up to ^193 io consequence of a discretionary 
power given the directors to take what sums they tlvink 
reasonable from the savipgs to increase the dividends. 

disposed 
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disposed to accede to it.-The imprudence 

however of such a step will be evident from 

the following observations.-It shoul(f be 

considered, that the reason, of the late in¬ 
crease of the annual dividends, has been the 
late increase of the Society by the influx of 
young members. So great has been this 
“i«i<;rease, that th^ Society has been nearly 
doubled in twelve years, and triplcdin the last 

30 years.-It could not, therefore, but 

happen that the dumber of deatlis should be-' 
come much less in proportion to tlie num¬ 
ber of members, than they were before the 
increase. The Society being now full, and 
admitting of no fiirther inj^ease, the col¬ 
lective age of the members, and, together 
with it, the qiinual deaths, will be for some 
time increasing, till that part of the Society 
which consists of the late addition^ “ come 
to die off twice as fast as they did at first. 

During 


* An addition of near 400 to the subsisting numbers 
or shares of the Society was made from 1740 to I 7 OH; 
and of al)ove 900 more, from 1700 to 1770-—Even that* 
part of the increase of the Society which consists of 
members to whom the first of these additions has been 
owing, is at present tar from dying off so fast as it will. 
In truth, 50 or GO years at least ^niust elapse before tliis 
can happen. Sec Question HI. Chap. 1. 1 am told it 

has been asserted by some belonging to the Society, that 
a person about 40 or 45 is not less likely*to die than a 
person 20 or 30 years older, from whence, 1 suppose it 
is inferred, that the deatlis now in the Society may be as 
numerous as they will ever be. It would be doing an 
injury to die Society to suppose that it can be influenced 

by 
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During this interval the dividends will be 
growing less and less, till at last they will 
fall below the dividend which the Society 
has guaranteed ^(or^l5o), and produce a 
necessity of entering into, the capital in order 
to make it up. And the reduction of the 
capital once begun will proceed faster and 
fester till it is all spent y and when spepj;,-' 
the Society will be thrown back intothe 
state it was in before its increase, when 
' frequently it could not afibrd a dividend of 
.^100 dh each number.—Such will be the 
certain eiFect of adopting the measure I have 
mentioned. It is, therefore, imprudent in 
the highest degty^e; and I will add, that the 
injustice of it is equal to its imprudence; for 
it is benefiting the older part of the present 
members at the expence of the younger 
members, and all’members at the 
expence oi future ones. For a few years 
the dividends will probably, with the help 
ot the addition of the annual profits, exceed 
.^ 200 , which will be paid chiefly among 
,the claimants derived from the older inem- 

by such assertions. According to all obserrations on 
human mortality, a •body of men at 6S or. 70 will die off 
twice as fast as a body of men at 40 j and a body of men 
at 75 or 80 will die off jhur or Jtve times as fast as a 
body of men at 60, The human frame, after the age of 
X2 or 15, is ^continually wearing out and becoming less 
fapable of combating the causes of mortality; but more 
or less slowly ac^rding to the degrees of firmness with 
wl^h it was buih, ana the favourableness or unfiivour- 
gWcffess of the aituations into tyhich it happens to foil. 

hers. 
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bers. But aft5r a course of years they will 
^ink to little more than half; and at that 
period the Society will consist of the yourl^er 
part of the present members, and such neia 
members as shall be hereafter admitted to 
fill up vacancies, who will therefore be great 
losers, because their predecessors, by neg- 
luting to improve the estate, made them-* 
selves too great gainers. 

In order to set this in a clearer light, I 
would desire it riiay be considered that ao' 
cording to the mean probabilities of. the 
duration of life, a body of people at the age 
of 36 , will, one with another, live 25 yearst. 
It must, therefore, be expected that a iwenty- 
Jrfth part will die annually of a Society* which 
has subsisted any considerable time, and the 
members of which are admitted at this mean 
age. Supposing,* therefore, 36 the mean 
age of admission in the Amicable (Corpora-* 
tion, the time must come when (if kept** 
up to its full complement) a 25th part of 
the members will die annually, or when 80 
numbers (the 25th of 2000 ) will drop, anck 
produce 80 claims annually.—^l’'he whole in¬ 
come of the Society (consisting of 10,000 
per ann. from the charter contributions, and 
,=^1,350 per annum, profits), when divided 
equally among 80 claimants, will give ^jSi 43 
for each claim. The dividend guaranteed 

Should the Society decline, more than a 2atli part 
will die aunually, and the period when this will happen 
will arrive flooner. 


I770i 
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1770 being ^150 there will be a deficiency 
of ^8 in each claim, or of c£640 in the total 
of Maims; which sum procured by selling 
stock in one year will leave a necessity of 
selling more the next year, and still more 
the following, and so on through every suc¬ 
cessive year, till the whole stock falls rapidly 

to nothing.-It is proper to observe heje*' 

that this deficiency of ^640 per ann. is a 
maximum to which the deficiencies of many 
preceding years had increased gradually; and 
that, therefore, the whole stock may be 
consumed even before the period arrives, 
when the greatest deficiencies will happen. 

All this reas)^ning supposes that no more 
than a 25 th part of the members of this Cor¬ 
poration will hereafter come to die annually; 
or that they are admitted at the mean age 
of 36 , and live after admiss'ion, one with an¬ 
other, 25 years.—But these are probably too 
favourable suppositions. Perhaps, the mean 
age at which members are admitted (and 
particularly the purchasers of two or three 
numbers) may be above 40; and perhaps 
also, on account of the difficulty there must 
be in excluding from such mstitutmis all bad 
lives, the duration of* the lives of the mem¬ 
bers may be somewhat less than is common 
among persons at the same ages. Should 

this be tru'e, their duration of life after ad- 

% 

mission will not Exceed 22 years. A 22d 
part will hereafter die annually. The claims 
from 2000 numbers will be 91 ; and the di- 
2 vidend 
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vidend on each* claim, with the addition of 
the savings, will be only 124... 125 . which 
will produce a deficiency of of 2,311 per ann. 

If I may judge from what has hitherto 
happened in the Society, even these last sup¬ 
positions favour it too much; for, I, find, 
that before the increase ‘ which begun in 
15 ^ 0 , a nineteenth^'drt of the existing num- 
bers^dropped annually, which made the di¬ 
vidends then fall frequently below ^ 100 . 
'This, however, must have been owing to 
the admission, for some years after the esta.- 
blishment of the Society, of members at 
too advanced ages; and the neglect of pro¬ 
per care to exclude bad lijfes. Much un¬ 
certainty in this instance would be removed, 


'■ This increase seems to have been owing to the limi¬ 
tation of age in 1737» lii a few years after this, the^ 
g I cutest part of the membfrs who had been athnitted at 
ad’. anccd ages having died off, and the Society consisting 
chiefly of younger members admitted in their room; the 
dividends rose, which occasioned a quick increase of 
young members, raised the dividends still higher, till, in 
1757 , the Society thought itself capable of guaranteeing 
a dividend of ; and, in 1770 , a dividend of 
These augmentations contributed yet more to increase the 
Society, and consequently the dividends. It became, 
therefore, soon full, and now finds itself in the pros¬ 
perous state described at the beginning of these Obser¬ 
vations ; a state, which-tlie Society may render really and 
permanently prosperous, if they are properly attentive to 
its causes, iind will avail themselves of the (^portunity it 
gives them to rectify the faults in their original plan bv 
increasing their guaranteed dividend in the manner 1 shalf 
jirescntly propose, instead of discontinuing the increase 
of their capital. 


and 
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and the best guide obtained in conducting 
the afTaits of the Society, by taking an exact 
account of the mean age at wiiich, for tlie last 
ten or twelve years, all ttieftibers (distinguish¬ 
ing particularly such a§. have two or three 
numbers dependent on their lives) have been 
admitted; and also of the number of years 
which all admitted, till iwithin the VdsfJitCf 
years, have lived after admission. 

Upon the whole. Till new light is given 
fey such an enquiry as this^ I must think 
tW, hbweter prosperous the affairs of the 
Society seem at present, it cannot prudently 
act on any other expectation than that a pe¬ 
riod will com\. vrheft a 22d or 23d ^ part 
of its members will die annually, and when, 
therefore, it will want at least an additional 

income of ^2000 per ann. to enable it to 

« 

I 

* If Mr. Brand, the late clerit of this .Society, is right, 
the members of it are uncommonly short-lived; for, ac¬ 
cording to an account which he has given of the duration 
of the lives of 3,326 persons who have been admitted into 
it, and on whose deaths claims have been paid; they do 
not, one with another, live after itdroission 16 years. See 
Smart's Tables republished by Mr. Mrand, p. 189. See 
likewise his Treatise on Assufahccs and Annuities, p. CM. 

This, were it true, would be very threatening to the 
Society, But Mr. Brand, in other parts of the little tliat 
is his own in these Treatises, has erred so palpably, and 
shewTi himself so wodderfiftly ignor&ht, that, howcitr 
possessed in this instance of the means of information, be 
deser\es no breiEt.—l1»e truth is, in the present case, 
lliat he has included infeis account such members as have 
been admitted and have died lately, and this must neer^- 
•mily lead to a wrong" conclieion concerning the duration 
of the lives of the members taken at large. 


make 
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make good its angagements. A greater ad¬ 
ditional income might be acquired by con¬ 
tinuing to lay up all its savings after dividmg 
the charter contributions—But were it to lay 
up the tvhole of its income above what may be 
necessary to divide ^170 on every claim, 
it might advance its guaranteed dividend 
from AllBO to thi^sum. And this, in my 
opiiiion, is the most rational and equitable 
measure it can adopt. 

I know, indeed^ that there is a clause in 
the charter which limits the increase of it§ 
estate to 5^2000 per ann. But this clause 
shews that the charter was framed with too 
little foresight; and it must Ae repealed, or 
the consequences will be that danger to the 
Society and ijyustice to its futiir^apember» 
which I have represented. 

The preceding. Observations are offered 
very respectfully to the consideration*of this 
Society. Should any of the members or di¬ 
rectors think them worth their attention, I 
hope they will reflect, that having no interest 
to serve, I can mean nothing by them but the 
preservation of the credit and usefulness of 
the Society*'. 

SECT. 


' It does not appear that any attention has been paid to 
the admonitions and advice which were gyea in thia 
Section.-—When the Society stipulated in I 77 U that the 
claims should never be less on eaclf share than the 

number of subscribers, as might naturally be expected, 
increased ^ry rapidly.: Uy the accession of so many mw 
members a sudden addition was made to their annual 

incomcj 
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SECT, vnr 

Of the Society f 07 ' Equitable Asmr'aiices Ofi 
Lives and Survivorships. 

The Society which is to be thesubjcctof this 
Section, has justly styled itself, “ A Society 
for Equitable Assurances onLives andSiir- 
vivorsliips." The business of it is car-^ 
ried on at its office, in Cfiatham-Place, 
Blachfriars Bridge. It was founded in 1762 ^ 

in 

iiicomc, ahd, in consequence, tlie dividends on the claims 
were increased so as to raise them during the first 10 or 
15 years from ^^150 to .i .'OO, and in some years even 
to jt^300. But this efFect necessarily ceased with the 
cause which produced it, and the dividends since the 
year 178; have sometimes fallen so low as barely to ex¬ 
ceed the stipulated sum of .^150.—Nay, in the year 1802 
they fell short of this sum, and the Society had recourse 
to their capital, not merely to supply the deficiency, but 
even to add .£’5 to ctich share qver and above the sum 
which they had engaged to^pay. In some years they 
have added ^’15 ; nor do they seem in tlicse additions to 
be guided by any one principle of reason or computation. 
It is at best a very mistaken liberality, and if it were 
alwats to be repeated under similar circumstances, though 
it might perhaps be intended to promote the credit, it 
would inevitably terminate in the ruin of the Society. 

By increasing the number of their shares about 20 
years ago from 2000 to 4000, they produced in like 
manner as in the year 1770? ^ temix)rarv increase of tl^e 
dividends: but the efFect in this instance was more tran¬ 
sient, owing, I believe,^principally to the new members 
having for tlie most part consisted of persons between 40 
and 50 years,pfage.—In the admission of these members 
^hey raised the contributions upon every number above 
2000 from £t) io £6.yAs.per anmm: thus, making tlie 
amount of the annual-payments to‘depend, noton the .age 
of the subscriber, but on his' jirforky in the Society.—It 
is much to be lamented that they should not have chosen 

to 
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in consequeneg of lectures recommending 
sucH an institution, -w hich had been read by 

to adopt the improvements proposed in this work, ratlier 
than persevere in a cod^se so injurious to their real interest, 
and often disgraced by r^ulations s6 absurd and inequita¬ 
ble. About 15 years ago tliey manifested a disposition to 
reform their plan, and in consequence of the recommen¬ 
dation of the Directors they limited tiic age of admis¬ 
sion to 40 instead ^ 45—they also placed all the 
mel.drers on the same footing in regard to their annual 
payments- -restrained for a time the amount of the divi¬ 
dends to .^150—and, in order to encourage young persons 
to subscribe, they gav^ those who entered under the age 
of 35, the privilege of having six, instead of the usual 
number of three shares, on their respective lives:—They 
also agreed tliat j£34,300 of their stock, (amounting 
in the whole to ^04,300 in the three per cents, together 
with some property in houses) shouldj^e preserved as un¬ 
alienable without the consent of two successive general 
courts, so that only .^^30,000 of their stock be appro¬ 

priated in aid of the annual contributions to make up future 
deficiencies in the dividends.—Had these regulations been 
proposed at an earlier geriod, it is possible that they might 
have been effectual; but I have every reason .to believe 
from an iavestigatlon of the affairs of this Society at that 
time, that they were much too feeble and inclbcicnt.— 
The reform of a plan originaUy very defective, and ren¬ 
dered still more so by subsequent laws and alterations, is 
indeed a work of considerable difficulty, and if the mem¬ 
bers satisfy themselves with such measures as they then, 
adopted, it is certain that they are far from having accom¬ 
plished such a reform as will secure tlm Society from tlie 
consequences of their former errors. 

The Society has lately obtained an extension of their 
Charter, by which they are empovyered to assure persons of 
all ages at nearly the same premiums with those of the 
Equitable Society. This has necessarily, by^the accession 
of new members, increased their capital, and they have., 
in consequence, determined that the mvidends on the as¬ 
surances, according to their original plan, shall be raised 
to £200 !J M. 

Mr. 
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Mr. Simpson^ a name that can never be for¬ 
gotten while there is any mathematical or phi¬ 
losophical knowledge left in the world. Mr. 
Dodson also, the author of the Mathematical 
llepository, was active in recommending the 
plan of this Society, and composed Tables for 
its use.—It assures any sums or reversionary 
annuities on any lives, fpr any number of 
years as well as for the whole continuance of 
the lives, at rates settled by particular calcu¬ 
lation; and in any manner that may be best 
adapted to the views of the persons assured. 
That is, either by making the assured sums 
payable certainly at the failure of any given 
lives, or on cokditiori of survivorship: and 
also either by taking the price of the as¬ 
surance Ttfdwe present payment ^ or in annual 
payments during any single or joint lives, or 
any terras less than the whQle continuance of 
the lives*.—In short; thc.plan of this Society is 
so extensive and so important, that I cannot 
satisfy my own mind, without offering to the 
gentlemen concerned in the direction of it, 
the following observations, hoping they will 
‘not think tliem impertinent. 

First. They should consider what distress 
would arise from, the failure of such a scheme 
in any future time; and what dangers there 
are, which ought to be carefully guarded 
against in*- ord.€r tp secure success. 1 have 
Already more tjhan^once observed, that those 
persons willbe uiosjt for ffyingto these esta¬ 
blishments, who have feeble constitutions, 
1 or 
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or- arc subject to distempers which they, 
know render their lives particularly preca¬ 
rious; and it is to be feared, that no Caution 
will be sufficient ito prevent all danger from 
hence. 

Again. In matters of chance, it is im¬ 
possible to say, that an unfavourable run of 
events will not come, which may hurt the 
bxy't contrived scheme. The calculations 
only determine probabilities; and, agreeably 
to these, it may be depended on, that events 
will happen on the whole. But at particular 
periods, and in particular instances, grea’t 
deviations will often happen; and these de¬ 
viations, at the cornmencemfwit of a scheme, 
must prove either very favtmrabic, or very 
unfavourable. 

But further. The calculations suppose, 
that all the monies received are put out im¬ 
mediately to accumulate at compound in¬ 
terest. They make no allowance for losses, 
or for any of the cxpenccs attending manage¬ 
ment. On tbese accounts, the payments to 
a Society of this kind, ought to be more 
than the calculations will warrant, and the 
interest of money ought to be reckoned low. 
Mr. Dodson, I tind, has paid due attention 
to all this, by reckoning interest, in his cal¬ 
culations for this Society, *at 3 per cent, and 
taking the lowest of all the' kno^vn proba¬ 
bilities of life, or those deduced from the 

VOL. I. London 
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London bills of mortality There is, be¬ 
sides, a liberty provided of making a cafl 
orr all the members, in case of any particular 
emergency. It is. therefore, highly pro¬ 
bable, that this Society iiiust be secufe. I’he 
last expedient, however, would be a very 
disagreeable one, should there be ever any 
occasion for having recoj-wse to it; and, in 
order to guard still more effectually against 
danger, it would not, I think, be amiss to 
charge a profit of 6 per cent, on all the pay¬ 
ments.’ Should the consequence of this 
prove, that in some future period the Society 
shall find itself possessed of too large a capi¬ 
tal, the harm\ will be trifling, and future 
members will reap the advantage. But this 
leads nic to repeat an observation of particu¬ 
lar consequence. 

As this Society is guided, in every instance. 


* It ouglit, however, to be remembered here, that i:i 
selling life-annuities to commence either immediately, or 
at'tOT given terms; and also in some other crises, the 
values come out less in consequence of lower prolrabilitics 
of life. Would it in such instances be taking an unfair 
advantage, to estimate the values by Tables which give 
the highest rather than the lowest values? Tins; were tin 
Jiociety to sell per annum for life, to a person now 
SO, after 50, the value, according to Dr. Hallefs 'lahle, 
would, reckoning interest at 3 per cent, be ^'90 in a singL 
payment; but according to the London Table, the value 
would be cply 

But in reality the value, even by Dr. Halley's Table, 
is less than the Socielyf'in such a case, ought to take, fur 
the reason mentioned in page 157. 

bv 
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by strict calculiition, it is not to be expected* 
that it can meet with any difiiculties for ’ 
many years; b\cause not till the en^ of 
many y(;ars afterU has acquired its maximum 
of members, wilil the maximum of yearly 
claimants and annuitants come upon it. 
Should it, thcretorc, through inattention to 
this remark, and tlie eneouragenient arising 
tfbm the possession of a large surplus, be led 
to check or stop the increase of its stock too 
soon, the consequences might prove perni¬ 
cious. 

Again. I would observe, that it is of 
great importance to the safety of such a So¬ 
ciety, that its affairs shouM be under the 
inspection of able mathematicians. Melan¬ 
choly experience shews, that ntuitrbut ma¬ 
thematicians are qualified for forming and 
conducting schenies of this kind.—In short; 
dangerous mistakes qiay sometimes "be com¬ 
mitted, if tlje affairs of such a Society are 
not managed frugally, carefully, and pru¬ 
dently. One instance of this I cannot avoid 
mentioning. 

A person, who desires to assure a particu¬ 
lar sum to be paid at the failure of his life, 
on condition of the survivorship of another 
life, may chuse to pay Jthe value in annual 
contributions during the continuance of his 
own single life rather than during the con¬ 
tinuance of the joint lives, because the an¬ 
nual contributions, in this case, ought to be 
much less. But a-Society that wmuld prac- 
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'tise sucli a method of assuroi/re would hurt 
itself; for as soon as the liti', on whose sur¬ 
vivorship the assurance de/(,'nds, is extinct, 
the person assured, if then \r\ ing, would have 
no longer any benefit in f/\c\v ; and, there¬ 
fore, would make his payments with reluc¬ 
tance, and in time, perhaps, entirely with¬ 
draw them; the consequence of w'hich w ould 
be, that the Society would suffer a loss by 
being deprived of the just value of the ex¬ 
pectation it had granted^ The plan of a 
Society .ought always to be such, as that the 
losses arising from discontinuance of pa}'- 
raent, should fall on the purchaser, and 
never on the Society. 

I must not forget to add, that it is neces¬ 
sary tluii-wuch a Society should be furnished 
with as complete a set of Tables as possible. 
This will render the business of the Society 
much more easy, and also'much more capa¬ 
ble of being conducted by persons unskilled 
in mathematics. It wdll also contribute inucli 
to its safety. For in all cases to w-hich d'a- 
bles can be extended, there would be no 
occasion for employing any calculators; and, 
consequently, a danger would be prevented 
to which, though it is not now, it may here¬ 
after be exposed; I mean, the danger of 
happening to trusl unskilful or careless cal- 
culators.-j-It is indeed furnished with Tables, 
by which a great part of its business is trans¬ 
acted ; but there are seme important Tables 
W'hich it wants, and with 'which it should 

be 
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he supplied; atid these when composed, to-* 
■w-clher with alL its other Tables, should be 
subject to the rewsal and examination of ihe 
best judges, anti rk'tcrwards published; with 
a minute accountAj^f the principles assumed 
and the method taken in composing them. 
Sucli a publication would be a valuable ad- 
djj.ion to this part.of science; and it would 
also be the means of increasing and esta¬ 
blishing the credit of the Society. 

In Questions 4?h, t)th, 10th, 1 Ith, 14th, 
l.'ith, and itith, I have, with a pi’i.rticular 
view to this Society, givesi rules by which 
may be formed every Table it can want, for 
shewing the values of assi/rances on the 
■whole dnraiio)!, or any terms, of any one or 
/('/olives; and nothing but care ami atten¬ 
tion can be necessary to enable any good 
arithmetician to «alcu!ate from them. 

Further Aceount of the Equitable Sociefi/, 
71 '}th an Avunint of an Institution for the 
Sale of Life-Annul ties at Hamburgh? 

I HAVE just referred to the questions in 
the first Chapter of this Treatise, for the 
rules by which the \alaes of assiiranc/'s on 
any one life, or any two lives, may be com¬ 
puted. Since the last publication of this 
Treatise, investigations of this kind have 
been carried much farther, and this subject, 
as far as it respects assurahees on any num¬ 
ber of lives not exceeding three, ])as been 
nearly Exhausted by Mr. Morgan, tlie actu¬ 
ary 
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ary of this Sodely, in the Treatise referred 
to at the end of the First Cjmpter.—fn thn 
work, iVIr. Morgan has giV'en a distinct ac¬ 
count of the state of this Society as he had 
made it out to January/f 777 ; and to that 
account, and to the Observations addressed 
to the Society in the Introduction to jNIr 
Morgan's Treatise, I must >:efer for the fullest 
information that can be gi’s en of the plan 
and progressive increase of the Society, and 
of the methods employed to keep in constant 
yiew the state of its accounts, I shall here 
onl\ add, that its iticrease has been going on 
ever since nith rapidity; that, in tiie last 
live years (or sluice 1770 ), its annual income 
has been nearly doubled, and its capital (con¬ 
sisting fyCw in part of land securities) more 
than tripled-, that the rate of mortality tunong 
the persons assured has, continued nuu li 
below' lhat in the Tables by which it has 
hitherto made its calculations; ^ and that, 

upon 

Until the time nearly in which this account 
written the Society had computed all their premium’ 
from the London liible of tlbservations, and it appeared 
from the experience of twelve year.'!, (or from 17 f>H to 
I7SO) that the decrements of life among tbeir members 
had been 
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upon the whple, it appears at present to 
j^ossess such a surplus of income and stock 
as places it (i\no mismanagement takes 
placei) above daiger, except from events the 

most^extraordinaix 

In these circumstances, the Society, not 
willing to raise an exorbitant capital, or to 
take unreasonable profits, came to a resolu- 
tibn at the beginning of the last year, or 1781, 
to make sucli abatements in its demands as 
its present circum,stanccs render safe, and to 
settle such new arrangements in its Jbusiness 
as may contribute to make it as great a 
benefit as possible to the public. 

In the preceding Section, but more parti¬ 
cularly in the Introduction to Mr. Morgan's 
Ihcatise, I have expressed my "Vy f.^ies that 
the Society would order new Tables to be 
calculated from Observations more adapted 


In consequence they tletermlned to compute the pre- 
nyiims in future from a taldc which siiould give the pro- 
hahilities of life higher than that which they had hiUierto 
usVd; and for this purpose they adopted one which had 
been just formed by Dr. [’rice from very accurate obser¬ 
vations made in the town of Northampton. Compared 
with the decrements of life in that table from the year 
17 bS to the year 1810, the decrements of life in the Society 
iippear to have been from tiie age of 

10 to 20 In the ratio of 1 to 2 


20 to 30.• .. 1 to 2 

30 to 40.3 to .5 

40 to 50..3 to 5 

,50 to GO.. 5 to 7 

60 to 80.4 to 5 or at all ages 


together in the ratio of two to three. M. 


to 
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to the general state of mortality among man¬ 
kind than those gi^•en bj t\w-Loiido/? hills.ei' 

moVtality.-1 ean now inform the public, 

that such an order has hccrl gi\ en and *ately 
c'arried into execution.—/^'I'hcse ne\N Ta¬ 
bles are. 

First. A Table exhibiting the values (d 
.<"'ingle lives for their wholt duration. 

Secondly. A Table of the values of single 
lives for any terms of years not exceeding 
ten. 

" dT.irtlly. A Table of the values in sin¬ 
gle aiul annual payments, of assurances on 
single lives for, terms, and for their whole 
duration 

Four thly. A Table of the values of two 
joint lives for all ages. 

Fifthly. A d\able of the values, in sin¬ 
gle ancl annual p’ayments,' of assurances of 
gTo.ss sums, and life anhuities payable on the 

survivorship of one life beyond another.- 

The most material parts of these Tables ill 
be found among the other Tables in the next 
volume. They have been calculated by Wr. 
Morgan with incredible care and industry; 
and are correct and complete to a degree 
never before attempted in any d ables of this 
kind. They are to form the basis of the fu¬ 
ture busine.ss of the Society, and must eon- 
duce much to ifsj^rowing credit and ustliil- 
ness. 

The second, third, and fifth Tables, ha\ e 
been calculated by the rules in Chap. 1 st ot 

this 
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this Treatise, *Question 6tli, loUi, llth, ani, 
<4th. And the «ther Tables, or the 1st and 4 th 
just mentioned,\iii the method describe*! by- 
Mr. in me 2d Section of the second 

CJhapter of liis lAf^atise on the Doctrine of 
Annuities and Assurances; a method whic!!, 
at the same time that it lessens the labour of 
these calculations^ prevents the possibility of 
falling into any mistakes'’. 

'Idiey are all founded on a Table of the 
probabilities of the duration of human life at’ 
jSoiihainpton, which will be inserted among 
the other d'ables in the sccotk! \ ohune of (liis 
'work. This Table made a part oi' ail the 
Hmner editions of this work; but it is, in 
thfcyprescnt edition much im|)roved, and 
■gives; 1 believe, more ('orrc'ctly ‘than any 
otlier, the mean probabilities of tlu- duration 
ot’human life; and, t]ierft<)re, as 1 shall ob¬ 
serve again herealter, seems to be more pro- 
])er than any other for general use. 

I had, in tiieIntroduction to Air. Mo'gans 
d'li'atise, recommended to the yocietv the 
observations on human mortality at Chester^ 
and 1 had procured a copy of them from Dr. 
I1\y(;aktii, the ingenious I’onnder of them. 
f>ut the director^ of the Society have nulged 
very rightly, thatthey c»rry the probabilities 


Specimens of tlic shortest and easiest inctjiod of tnakiiig 
{lu'se calculations by Logarilhtm, and grounded on i\'lr^ 
Morgan's method here mentioned, will be given in a I'ost- 
Beript to the 4th Chapter. 

of 
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dt’ life too high ft)r their bostiness.—These 
Observations, however, are not on this ac-. 
< ourit less important. I ha/e been enabled 
by them to make the NortUimpton Tabl e of 
Observations more compMe ; and Tables of 
the decrements and expectations of lives, 
deduced from them, for both sexes, will be 
given in the next volume. 

The interest of money in calculating the 

new Tables of the Societv has been reckon- 

•/ 

ed, as it was in the old Tables, at 3 per cent. 
dliis giv^s the Society (more especially at 
present when money may be impro^'ed at 
near double this interest) a very great ad¬ 
vantage. It likewise possesses the tw'o fol¬ 
lowing advantages. 

First. interest of a large and fast in¬ 

creasing capital, the greatest part of which 
is a SURPLUS over* and aboye all that is ne¬ 
cessary fo enable it to make good its engage¬ 
ments. 

Secondly. The profits arising from higher 
probabilities of living among the members of 
the Society than are exliibitcd, even in the 
new Table of Observations, by whicli its 
demands are for the future to be governed. 
'J'his Table differs but little from the Breshuv 
or IJr. Halley sTableo( Observations, which, 
as may be seen in the Note, p. 182, gives 
probabilities of living near a third lower than 
Ihose which have hitherto taken place in the 
Society. 


I* believe. 
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T believe the Society might now safely . 
itself to tfce security arising from these 
adv^itages, and |ake the payments for asfsur- 
ancel in strict conformity to its new Tables, 
witliout any chaige upon them; and the 
consequence of this would be, that these 
payments, which four years ago were reduced 
a tenth, will be •further reduced about tu'o 
tenths, or in the whole about 3o per cent \ 

But as it has been the custom of the So¬ 
ciety (in confornaity to the recommendation 
in p. 1/8) to make an addition of 6})cr cent. 
to all the payments required by^ the old Ta¬ 
bles, it may, 1 think, be excused, if. for the 
sake of greater safety and to provide better 
tor the cxpcnces of managemqpt,^ it should 
make an addition of 3 or 4 per cent, to tlie 
payments required by the new Tables. 

There still remain a few Tables, which 
perliaps some time efr other the Society may 

think proper to furnish itself with.-1 

will mention the two following. 

First. A Table of the same kind with that 
mentioned in p. 135, shewing the values of 
sums payable at a given age, and of annuities 
pa} able till a given age, to a child, should he 
lose his parent. 

Secondly- A Tabic containing the values 

' It should be remembered, that the Aduction here 
mentioned, does not extend to «the sin^^le payments for 
assurances ot 4i/'e-afuiuities payable on survivorship, the 
f.or)don Table of Observations giving these almost as low 
as the Northamplqn Table. 
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•of assurances of annuities for‘the remainder 
of life after give!i terms. / 

iniis would inform the /lublic Mhay^ad- 
vantages eould be reasonai/v oricred toiler- 
sons who wish to be puiamasers of sueh an¬ 
nuities; and the avidity with which the de- 
.ceptions in this \N ay have been encouraged 
renders such an information particularly 

proper.-The public, indeed, has been led 

by these deceptions to entertain such wrong 
ideas of the terms on whicli these annuities 

c- 

nfay be sold, that probably no terms which 
the Society can afford \\ ill appear sufficiently 
encouraging. There are, however, annui¬ 
ties of this kind which, at the same time that 
they hav^‘ the most useful tendency', might 

possibly invite purchasers.-Suppose, in 

particular, an annuity of to commence at 
50, and, to increase at the late of ,X’l (wery 
year afterwards, (so aS to become at 

70 , ^25 at 80 , and ,-j£,'35 at fjo) wasotii-red 
for ^ given sum payable at the age of 3o, \\ ith 
proper abatements for every year that the 
purchase was made before this age.—W ould 
not such a proposal be likely to engage at¬ 
tention ? And might it not be extremely 
useful, by holding forth an incitement to in¬ 
dustry in the beguiling of life, and providing 
a way^ of laynng out small sa\ings to the best 

advantage*?-According to a high vale.a- 

tion the sum in This case would be about 
twenty guineas; and the proper abatement 

tit. 
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about twenty-five shillings for every year 
that a purchaser’s age, if not less that 20, 
taHs short of 3 V 

l\i)nst not qpnclude these Obsei*vafions 
on afitiuity schenVs without taking particu¬ 
lar notic(‘ of an excellent example in tliis 


M ay, which is given by a general annuity in¬ 
stitution lately established at Han%urgh; and 
to which I liave referred at the end of the 


fourth Section, p. 137. 

Having received, through j\Tr. Oeder at 
()Idcid)nrgh. an account of this institution, 
and fitiding that the conductors of it wish to 
extend its advantages beyond th<i limits of 
ff(nid)/(rgli ; I embrace with pleasure this 
opportunitv of recommending it, :ind re¬ 
citing the following particulars ii>ils plan. 

Persons of all ages who may desire to in¬ 
crease their incomes by pun'ha'-iiig annuities 
tor their own si/igie.lives, or for tlio longyest 
of any two lives, may in this institution 

purchase sucli annuities.-.V person at 50 

may receive during his life 7 ' per cent*, for 
any sum; at Oo, he may receive 1 per 

cent.; and 70 , 15 per cent. -Persons who' 

depend for a subsistence on the pcrniancncy 
of their capacities for service or labour, 
may with such savings as they may lie able 
to make in their years of vigour, purciiase 
for themselves a competence tor o^d age A 
person at '4o may with cAvAoo jnircliase dC. i 8 ‘ 
per ann. for his life after 55; or, for a pay¬ 
ment ofi 1 7.V.. .Or/, every half \ear till he is ho. 
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tie may purchase for his life^ after that age 

’ 1 2s. per ami. -Youtig persons whose 

fortunes do not produce a ^ithcient inci^i^ 
may, by sinking a part of tjfiem, procu /3 the 
means of a future settlcm^it in life. Avboy, 
for instance, aged 10, may with ,:£Aoo pur¬ 
chase an annuity of dependent on his 

life till he is 25 years of age, when it may 
be supposed he will be provided with other 
means of supporting himself 

Persons who have friends or relations de¬ 
pendent upon them may purchase for them, 
either by a single present payment, or by half- 
yearly payments, any annuities to commence 
at the time of their survuvorship, should 
that happen, and to be continued during the 
remainder df their lives. In the case of \\ i- 
dows an abatement is made, if the purchase'!- 
chuses that the annuity should bt! paid only 
during 'widowhood. 

Parents wishing to proA'ide portions for 
their children, or sums for putting them 
out' to apprenticeships when grown up to 
a certain age, may purchase (by either half- 
yearly contributions or single payments),such 
portions or sums to be paid them at that age, 
should they live to it. 

The plan of t|us institution includes in 
it several other particulars; but I will only 
add, that,.the money received by the con¬ 
ductors of it is dodged in the chamber ot 
Hamburgh; that the prices or contribuHons 
are distinctly specified for every age in a set 
2 of 
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of Tables whi<^ have been published at IJam* 

, ; and that these Tables have been cal- ' 

•cm^ed at an mterest of 3 per cent, from 
som<| of the besl registers of mortality/and 
(as far as I have^^xamined them) with skill 
and correctness 

CHAP. 

^ The Equitable Society, since these oliservations were 
written.in the year 17 ^.'$, luis increased so immensely both 
in the number and maj^nitude of its assurances, as to be¬ 
come an institution of tlie first importance. In the year 
1786, after a minute* computation of tlie value of each, 
.separate assurance, the addition of 1| per cent, wliich had 
been made to the claims in 1782 for every annual pA)'- 
ment prior to that year, was increased to 2\ per cent. In 
the years 17111 j 1793» strid 1795, still farther additions 
were made, amounting together to 4*f)er cent ; so that the' 
claims on all a.ssuranccs of an earlier date than 1771 were 
more than dnuhleJ, and even those of so late a date as 
1783 were increased nearly one half, but although the 
Society never hazarded an addition without a thorough con- 
victioii-ef its safety founded on a fomparison of the claims 
with the premiums anti on the decrements of life among its 
members in each year, it wisely determined to proceed no 
further with these additions till the same investigation of 
its iitfairs luul taken place, which had been first instituted 
in 1776 ? itt'd repeated in I78G.—Accordingly, in the year 
ISOO this work (which from the increased number’of as¬ 
surances had become a most arduous and toilsome under¬ 
taking) was acconipliscd, and the result proved so highlt' 
favourable that another addition of £2 per cent, was made 
to the claims, so that at that time the assurances of IJhU 
were incrcabcd £'M> per cent.-, those of 178 O £\Q5 per 
tent, those of 1771 ^ per cenf and those of 17 G 2 

per re«A making in the whole a sum which in pre¬ 
sen' value fell very little short ot half a miUion! —In 
1809 the same investigation was repeated, vjliich, from the 
immense increase in the numberaof its assurances, was at'» 
tended with infinitely more labour and difficulty. The re¬ 
sult, however, like that of all former investigations, proved 
that the success and opulence of the Society increased in 
proportion to the magnitude of its concerns, and an addi- 
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CHAFFER II I‘. 

Ofjhe Method of caTciilatnig the Vahtfs of 
Reversions depending on/Survivorships. 

All Questions relating to the values of 
Jh es and rev(;rsions, are it present of par¬ 
ticular importance in this kingdom. Mucii 
business is continually transacted in this 
way; and any considerable errors in the 

methods 


tion of ‘2\ ‘per cent, was iu consequence made to liie claims, 
so that al present the assurances made In 1800 are increased 
c £'’27 per cent., those in 17 OO , 3 ^' 8 (> per cent., tliose in I 7 HO 
.^120 per cent., those in 1 770 ^290 per cent., and those 
in !7'>7 ci323 per cent.-, and a sum equivalent in present 
money to one initlwn is thus distributed ainon;^ tlie mein- 
hers in addiiion'^o tlie sums which have 1)een distributed on 
former occasions. It is unnecessary to expatiate on this sub¬ 
ject, in order to shew the great benefit whicli this Society 
has proved to the publft,'.—Proeeed'ng always its it h;is lii- 
tlicrto doifc on the .sure groundpf computation, it never c;in 
incur any malcrittl dtmger —Tlie man\ tliou'ands of wliieh 
it is now composed render the decrenn nts of life almoit uiii- 
form among its niember.s, and fiom the exprricnce of mure 
than forty years those decrements arc found to be even o;/r 
third (ci) lower than tin y are in ibc Ttible frcun wbiclt tla; 
.premiums are coittpuletl. Provided thi refoie tlie same care 
is Used in exeludiog btifl lives, every addition to the liusiness 
of the Society must be :m addition to its jirofit.s.—The in¬ 
creased number of meinbcKS, liy preventing it from being 
allletcd bv any jwrticular season of mortality, will al.so ren¬ 
der those profits more uniform and .secure ; so that the stabi¬ 
lity of the Society will be ; trengtlicned in proportion ns it.s 

usetuluess i, (‘xtetided. 

'i'be onlj, (Lnigor to -^hich it is exposed arises from the 
grcatne,,s of its capital. If due regard be not |)aid to tie 
immense demands wbi.'h must hereafter come, upon it.— 
If on the contrary tlii.s capital be con.ldered‘only as at) 

aeeu- 


\ii) See note p. 183. 
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tj,, 

luetliods of $o?vi«g safch qu^tms, tnmt in 
prodiice, btd ec^$equ^c«8,<—^The 
d€siJ 4 of tfee oljsemtipng to 

point|out a p^icijlar error, into wiiich there 
is danger of faliiin^* ih .ijie. of 

such reversion^ ^9. depend m guyyiyorah^ 
In doihg ihiii, ia ofderJto^j^/jMrt 

as possible, take the Ai 

Mg# 40, ^2cpe<jh§ to«p«ip to the 
“ of ftn estato should^ he , survive B, aged 
“ likewise 40 . Iq |heae ckeumstapc^s he 
“ offers, in er(derto,i»iee#.,j[Hre$ent sum, t6 
“ give seicnrky 'for mmm, out of 

“ the estate at his death, .prowded he should 
get into f)08seslM0»i;.ttot is, provided he 

• 

accumulatwi of pipRt, s)^d the pieiabere on this su|^a- 
sition sliould bo tcmpied lip, make too 6^equent additions 
to the claims, the ■conseqtrrace,^ tbotrkh distant, must uO 
timateljr be fa^l* Bifhetto gcait piiidence and discrer- 
tioii have Jbeca nf»nifeste4 in* tl^' fiitapi^ment of this So¬ 
ciety. No Pleasure has b#^;i adoptfed which had the l<®sj 
tendency t6 dirtiinisb thd iap'jtal wkbout & previous in- 
vestigatK)rf }' dad in brdtif to «ecafe the satne pradeoce^and 
discretion in Ae futttue- con^uft of its fij^bers, Ao So* 
ciety has proyidpl h/ t^cftain laWs, that ho allowance 
“ to claimants shafl evef ne made Without a previous in- 
“ vestigation of rfe afTaSrs and the coheurj'Btnje of J^/r* 
oS its membeis at three lucce^ve <Seuetal 
“ Courts, and, also Aat suoh aliow^i^ shall in no in- 
“ stance exce^ two-thirds of ttie, c^|jr surplus stock of 
“ the Society/* By Aese rCstnctIdns, a| rar as human 
precantion on operate, the danger of intemnerate mear 
surra is avoi^d; there is eve^ rea^ ta hope that 
an ibsiitutidb, founded on iuch libft-al principles and de- 
lended by such wholesome provisions, will not only be se¬ 
cure, but cpnunue to improve ih credit bbd proi^Ority. 

Mv 

VOL. I. O should 
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** should survive B. What is the sum that 
** ought now to be advance^ to him, in 
" sSleration of such security, reckonin^hom- 
“ pound interest at 4 per cent f' \ 

Mr. De Moivre's directions in his Trea¬ 
tise on Annuities, Problems 17 th and 2 oth, 
lead us to scdc the required sum in this case, 
by the following process. * 

Find first, the present sum A should re¬ 
ceive, for the reversion of ,^4o per annum 
for ever after his death; supposing it not de¬ 
pendent on his sunriving B. The present va¬ 
lue of such a reversion is ** the * value of the 
“ life subtracted from tl^ perpetuity, and 
** the remainder multiplied by the annual 
“ rent.”,—The value of the life is, by Mr. 
De Moivre's Hypothesis, 13 , 196 . This 
subtracted from,25, Utie perpetuity, leaves 
11.804; which, multiplied by 40, gives 
^ 472 . 16 ; the value of the supposed estate, 
after the life of A. But, as Mr. De Moivre 
observes, the lender having a chance to lose 
his money, a compensation ought to be made 
to him for the risk he runs, which is founded 
on the possibility, that a man of 40 years of 
age may not survive another person of the 
same age. This chance is an equal chance; 
and, therefore, Hhlf the preceding sura, *or 
dB-2zQiOQ, is the money which should be ad¬ 
vanced now on Jthe expectation mentioned, 

‘ By Scholium, 34, and Problem 26th, p,, 293 of Mr. 
Simpson’s Select toercisw, 

This 
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This solutidn carries a plausible appear- 
yrKP; and mo?f_ persons will, probably, be 
reacN to pronounce it right; nor v/ill ^Kis 
be ay all wonderful, as so great a master ot 
these subjects as Mr. De Moivre, appears to 
have been misled by it.—Nothing more is 
necessary to prove it to be fallacious, than 
proceeding in the^isame way to solve the fol¬ 
lowing similar Question. 

" A, aged 4o, ptFers to give security for 
“ ^.£'40 per annum, to be entered up 9 n at his 
death, provided it should happen before th*e 
death of B, aged likewise .40. What sum 
“ should now be advanced toihim for such a 
“ reversion, interest being reckoned at 4 
“ per centf' 

In solving this problem, agreeably to the 
method just described, we are to find the va¬ 
lue of .^40 per tinnum, to be entered upon 
certainly at the death of A; and tlien to mul¬ 
tiply this wdlue by the chance that A shall 
not survive B, or by 4-; and in this way.the 
answer comes out the same with that already 
given. 

Now it may be easily seen, that this must- 
be wrong. The value of a reversion, to be 
received when a person of a given age dies, 
cannot be the same, whether the condition 
of obtaining it is, that he sliall die before, or 
that he shall die after another persdii. That 
is, whether it is provided, that a purchaser, 
if be succeeds, shall get into possession 
sooner or later. The reversion in the latter 

o 2 case 
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case must, without doubt, be of less value 
thai^ in the former. 

The first question here proposed, resolves 
itself into the following general Question. 

“ What is the present value of a given re- 
" versionary estate, to be entered upon after 
“ the failure of two* lives, provided one in 
particular of them should be the longest 
** life V 

. Nowv the present value of an estate to be 
enjoyedfor ever, after the failure of the longesl 
of two lives, is the value of the longest 
“ of the two Ifves, subtracted from the pcr- 
petuity-y and the remainder multiplied by 
“ the annual rent of the estate.”—^I'he value 
of the longest of two livesis, as is well known, 
the value of the-two joint lives, subtracted 
from the sum of the,"* values of the two 
lives. ■ In the present case, therefore, 
it is 9 . 82 , (the value of two Joint lives 
at the age of 40 by Table VII. in the next 
volume) subtracted from twice 13.19@; (the 
value of a single life at the same age) that is, 
1 6.5 7 years’ purchase. And this subtracted 
from 25, (the perpetuity) mves 8.43; which, 
multiplied by 4o,^ gives ,^337-2, the value 
of the given estate were it certainly to be 
enjoyed, ^fter the extinction of the longest 
of two lives both 40; that is, whether one 

^ See Mr. De Moivre on Annviti^, l^xjbkm IV. or 
Mr. Sn72fs{tni Doi trine of Amuities and Revisions, Pro* 
II. 
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or other of them failed last. But that As 
in particular should fail last, is an even 
chd^ce. The true value of the reversion, 
ther>l.fore, is half the last value, or. 5 £ 3 i 68 . 6 . 

Irl like manner. The second Question is 
the same with the Question, “ Wljat is the 
“ present value of ^4o per afin. for ever to 
“ be entered upon after the extinction of two 
“ jointYwes, both 40; that is, whenever either 
of tlicni shall fail; provided the iirst that 
fails should happen to be A’s life in par- 
“ ticular?”—And the answer is fohnd by 
subtracting the present value of the two joint 
lives from theand^ multiplying the 
remainder by 1 -, that is^ by the chance that A 
in particular shall die first: And this will 
give the required value, ^303.6". * 

In short. It appears in both these cases, 
that, according to the fifst method of solu¬ 
tion, we are to subtract from the perpetuity 
the value of owe of the single lives, when, in 
the former case, the value of the longest of the 
two lives, and, in the latter case, the Value 
of theiiyoiw/ continuance, ought, in reality, to 
be subtracted. I need not say what prodi¬ 
gious errors may often arise from hence; and 
liow unfit such a method of solution is for 
practice. 

Mr. Simpson, in p. 322, of his Select Ex¬ 
ercises, speaks on this subject in Ahe follow- 

” I liaye, though scarcely neccssrity, given a demon¬ 
stration of the Solutions in Note M. at the end of tiiis 
volume. 

ing. 
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ing manner.—“ I have been Very particular 
on these kinds of Problems'; and thern^^ 
“ sd^ as there has been no method b^orc 
“ piiblished, that I know of, by which hhey 
“ can be rightly determined. Tis true, "the 
“ manner of proceeding, by first finding the 
“ probability of Survivorship (which mc- 
“ thod is ’ used in my fiyrmer work, and 
“ which a celebrated author has largely in- 
‘‘ sisted on in three successive editions), may 
“ be applied to good advantage, w'hen the 
‘'•given ages are nearly equal; but then it is 
“ certain, that this is not a genuine way of 
going to W'orik, and that the conclusions 
“ hence derived are at best but near approxi- 
“ mations.” 

This excellent mathematician has here 
expressed himself much too favourably of the 
methodjof solution on whidi I liavc remark¬ 
ed.—In both the cases 1 have specified, the 
ages are equal; and yet, in one of them the 
error is a good deal above a third of the true 
value, and in the‘other a ffth: And, it is 
4obvious, that in cases where three equal lives 
are taken, the errors will be much greater. 
—Mr. Simpson's Observations in this passage 
are true only, when applied to a different me¬ 
thod used by him;?elf in the 28th and fol¬ 
lowing Problems of his Treatise on the Doc¬ 
trine of Annuities and Reversions. ‘J’his me¬ 
thod is exact when the lives are equal; but 
if: gives results which are too far from the 

^ truth. 
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truth, when thfre is any considerable inequa¬ 
lity between the lives. 

IfNjs with reluctance I have made somp of 
these/ remarks. Mr. De Moivre has made 
very *important improvements in this branch 
of science; and the highest respect is due to 
his name and authority. This, however, 
only renders these remarks mpre necessary. 

In the first Chapter (Question llth, J2th, 
15 th, and ifith “.) I have given a minute ac¬ 
count of the method of finding, in all cases, 
the values of the reversions which have beeju 
the subject of this Essay.—But Mr. Morgan^ 
in his Treatise on Life Assui^ces, has car¬ 
ried this enquiry much farther. 

^ In solving Questions I Itli and 12tb, here referred to, 
I have made use of Mr. Simpson’s rules in his Select Ex¬ 
ercises, p. 297 and p. 298. Mr. Morgan, in his Treatise 
on Life As.'urances, adopted the methw of solution from 
whidi Mr. Simpson deduced these rules; but he has lately 
discovered that it is an approximation which in some case* 
gives results tliat are much too distant from the truth. See 
more on tliis sulj^ct at the end of this volume, where^rulw 
(investigated by Mr. Morgan) may be found which give in 
all cases the correct values of sums payable on any survivor¬ 
ships between any two or three live*. 


Acfioimt 
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Account of the Falues of Uie Renewal 
I\emes, and of the Method of compling 
them. 


TABLE, 

Shewirig the Fines due On the Renewal of a 
> t^ase of Yeajs aftet 5, 7 , 9 , or il 
' Yeats have elapsed. 


aopx- 

Xl'J pel" cent 

Values of tli 
At tf cent 

e Renewal. 

At’Sjrtr cent. AttOpercent 

16 

14 

12 

10 

r Years 
/ pur- 
l,cl\ase 

5A 

TYears 

i;^pur, 

(.raase 

2 * 

4 ' 

rYears 

-'ns- 

14 - 

2 ^ 

9 3 

f V'cars 

nsL 

^TTS: 
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The value in every case of this kind is 
the difference between the value (in Table 
II. Voj. II.) of the vvhole term, and the value 
(in the same Table) of the iinexpired part of 
the tefnr. 

If leases are held by fives, the value of 
their renewal is the difference between the 
value of all the lives (including the life or 
lives to be added) and the value of the ex¬ 
isting life or lives.-For example. 

The vakie of the renewal of a lease held 
by two lives aftef one has dropped is (sup¬ 
posing the existing life aged 50, and the life 
lib b« added aged 20) the difference between 

16.033 
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i 6.033 (the vdue by Table XIX. of the sin-, 
g^' life of 20)^nci g.63o the value by Table 
XX, of the jtMfit hves 2o and 5o p. Thirt is, 
7,403, OF 7^ of a year’s purchase nearly, 

reekbnitlg interest at 4 per cevt. -Again, 

the value of the renewal of a lease held by 
three lives, after one is dropped, is (sup¬ 
posing the two St^xisting lives aged 50 and 
55, and the life to be added aged 20) the 
difference between the value of the longest of 
the three lives an^ the value of the longest of 
two Hves aged 50 and 55, The formet of 
these values by Tables XIX. and XX. 5s 
18 . 178 S, the latter by the isame Tables is 
13.8/2 '; their difference is 4.3o0, of 4.V 
years purchase; which, therefose, is the fine 
due fob Mrch a renewal, reckoning interest at 
4 per cent. 

N.B. If the values of such renejvals are 
wanted at any rate's of interest higller or 
lower than those for which the values of 
.single and joint lives are given in the. Ta¬ 
bles in the 2d volume, they must be deduced 
from the Values in those Tables by the Rules> 
given in the next Chapter. 

It would be an endless labour to compute 
tables shewing tlie value of .such renewals in 
all cases; and these directions render it an 
unnecessary labour. 

See pjvgfe 2. 

“1 By Pteb. X. in Simpwn’s Select Exercises, or by tlie 
Rule at tlie end of Table XXVl. Vol. II. 

' See the lujte in page 43 of tlirs volume. 
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Sometimes a right may be> purchased to 
put in, on the first vacancy among the lives 
by -s^ich an estate is held, such a new dife 
as the purchaser shall chuse.—In order 
to find the present value of such a right# it 
is necessary to assume some given value for 
the life to be nominated, and this assumed 
value multiplied by the difierence between 
the value of the existing life, if there is but 
one (or the value of the joint continuance 
of the existing lives, if theic are two or 
more) arid the perpetuity; and the product, 
divided by the perpetuity, will give the an¬ 
swer. , 

EXAMPLE. 

Let there, be but one existing life, and 
let it be a male life, its age 50, and conse¬ 
quently its value (by Table XIX.) 10.269, 

reckoning interest at 5 per cent. -Let the 

life to succeed it be reckoned a life of the 
greatest possible value, that is, a life aged 8, 
and consequently worth (by the same Table) 
15.226 year’s purchase at 5 per cent. —^I’he 
ilitference between 20 (the perpetuity) and 
10.269 multiplied by 15.226 is 148.164; 
which product, divided by 20, gives 7.408, 
the answer. 

If there arc two existing lives, both 50, the 
value of their joint continuance will be (by 
Table XX») 7.522; the difference between 
which value and'the perpetuity is 12.478, 
which multiplied by 15.226, and the pro¬ 
duct divided by the perpetuity, gives* 9.5 the 

answer 
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answer in this 'case, or tlie number of years* 
ourcliasc which'ought to be paid for a right 
of renewing a lease now held by' two lives 
both aged HO, by'" putting in the best life in 
thel-oom of the first of the two lives that 
shall happen to drop. 

I'he rule for finding the value is the same, 
if the right to be sold is the right of pre¬ 
sentation to a church-living at the death of 
the present incumbent. 

The estate meant in these rules is the nett 
surplus rent after deducting all taxes*and re¬ 
pairs. 


CHAP. 
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CHAPTER IV. 


On Mr. De Moivre’s Rules for calculating 
the Values of Joint Lives ; unth a Post¬ 
script, containing a Specimen of the most 
expeditious Method of oalcidating the Va- 
< lues of Single and Joint Lives^ according 
to any Table of Observations. 

The calculation of the values of single 
z.n6. joint liyes, from given Tables of Ob¬ 
servation, being tedious and troublesome; 
Mr. De Moivre has had recourse to two hy¬ 
potheses, which ^ve easj rules for this pur¬ 
pose; and whiclx, he tiiought, corresponded 
with sufficient exactness to Observation.— 
The first of these hypotheses is, that the pro¬ 
babilities of life decrease, as w e advance from 
childhood to old age, in an arithmetical pro¬ 
gression-, or in such a manner, that tlie differ¬ 
ence is alw^ays the same, between the num¬ 
ber of persons living at the beginning of any 
one year, and the number living at the be¬ 
ginning of the next following year.—The 
other hypothesis is, that the probabilities of 
life decrease in a.'geometrical progression; or 
in such manner, that the proportion is al¬ 
ways 
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ways the samd, between the number of per¬ 
sons living at tfie beginning of any one year, 
and the number living at the beginning of 
the next following year.—All the Tables 
of T)bservation shew, that the real law, ac¬ 
cording to which human life wastes, comes 
much nearer to the former hypothesis, than 
the latter.—In T&bles V. VIII. and XVII. in 
the next volume, it is so near the former hypor 
thesis, that the difference between them in the 
middle stages of* life is scarcely worth re¬ 
garding. According to this hypothesis, theife- 
fore (accommodated to the Breslatv Table, in 
the manner mentioned in the note, page 2.) 
JVIr. De Moivre calculated the values of single 
lives; and the rules founded upon it for this 
purpose are so easy, that an operation which 
would otherwise take up much time, may 
be performed almost immediately. , 

By proceeding on 'the same principles, the 
values of joint lives might ha^ c been calcu¬ 
lated ; but the rules for this purpose derived 
from these principles, are tar from being, 
equally easy in practice. Here, therefore,* 
Mr. De Moivre quitted his first hypothesis; 
and finding, tiiat the second hypothesis af¬ 
forded, in the case of joint lives, rales that 
were as easy as the rules 'given by the other 
hypothesis were in the case of single live*, 
he chose to adopt this hypothesis* believing, 
at the same time, that the values of joint Ih^es, 
obtained by rules derived from it, would 
not deviate much from the truth. But in 

this 
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this he was greatly mistakeli. The values 
of hvo joint lives obtained b;f these rules arc' 
so 1»frong, that in finding the present value, 
in a. single payment, of one life after another, 
they generally give results, which are n^ar a 
quarter of the true value too great; and 
about two-fifths too great, when the value is 
sought in annual pnijmen^ during the joint 
lives. These are errors ‘-o considerable, that 
I think it of particnlai imjportance that the 
public should be infeuir ed of them, in order 
tb prevent the inconveniencies and perplexi¬ 
ties they may occasion. 

Mr. Simpson (in the Appendix to his Trea¬ 
tise on the Doctrine of Annuities and Rever¬ 
sions) has observed, that JNIr. De Aloivn's 
rules for finding the values of Joint lives are 
wrong. But 1 don't know, that it h<ts been 
ev'er attended to, that they'are so wrong as 1 
have found them. INIr. Sin/pson’s remarks 
point out chiefly the errors in these rules, 
wh^n the values of three or more Joint li^'es 
are calculated by them; but, till I was 
‘forced to a particular examination of tins 
subject by some difficulties into which I 
found myself brought b 3 ^ follvuving Mr. De 
Moivre too implicitly, I did not at all sus¬ 
pect, that any sufch errors as 1 have men¬ 
tioned could arise from these rules, when 
the valued of only joint lives are calcu¬ 
lated by them. Mr. De Moivre, in con¬ 
sequence of other remarks contained in Mr. 
Simpsons Appendix, altered, in the 4th edi¬ 
tion 
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tion of his Tteatise, some of his nile^. It 
is surprizing he did not see reason at the 
same time to alter these. 

That there may be no doubt about the 
tfUth of these observations, I will just men¬ 
tion a few examples of the difference be¬ 
tween the values of a given reversionary an¬ 
nuity, according to the rules to which I 
have objected, and the values, according to 
the exact method of deducing them from 
Mr. De Moivres first hypothesis. 

Let the proposed annuity be .5^30 to ’be 
enjoyed for what shall happen to remain of 
the life of a person now -^0 years of age, 
after the life of another person of the same 
age. The value of the joint Jives (interest 
being at 4 percent.) is, by the 2d hypothesis, 
or Problem 2d of Mr. De Moivres Treatise 
on Life-Annuitms, 8,964; which subtracted 
from 13.196, (the value, by the first hy¬ 
pothesis, of a single life at 4o) gives 4.23 ; 
which remainder, multiplied by 30, .gives, 
^126.9, or the value of the reversion in 
a single present payment. And 126.9, di¬ 
vided by the foregoing value of the joint 
lives, is ^’14.16; or, the value of the re¬ 
version in annual payments, during the joint 
lives.—But the true values are ^^lOl.l in a 
single payment, by Quest. 1. Chap. I. and 
.^10.3, in annual payments, by Quest. IV. 
—^The former values, therefore, are a quarter 
of the^ true value too great in the single pay¬ 
ment; 
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meut; and near tivo-ffills tc*o great in the 
mmal payments. 

The true value of the same annuity for a 
life at 66, after another life of the same age, 
is, (reekoning interest as before, ati per ctnt.) 
^’58 in a single payment; and 3,6 in 
amutfd payments.—But these values, accord¬ 
ing to the Prohiem just quoted, are <5^01 and 
£C^i, one of which is near a third, and the 
other above half tiie true value too great 

In unequal lives these errors may 1 ^ no less 
considerable,—IBus} if the value of the 
proposed annuity he required for a life at 70, 
after a life at £0 years age; it will, by 
the same Prohiem, be-^" 26 . 5 , in a single pay¬ 
ment; and^sC^.I, in annual payments during 
the joint lives. But the true values are i 7 
and ^ 3 . 05 . 

Where 3 or more lives arc concerned the 
en’ors will be still greater. 

The true values of the joint lives, men¬ 
tioned in these Examples, have been calcu- 
Uited by a rule in page i6, of IVhr. Simpson's 
Trejatise on the Doctrine oi Anmities and Ue- 
vemons, and explained in Note (L) at the 
end of this volurad.—To save^ ““however, a 
great deal of trouble hereafter, I have thought 
proper to calculate Table VIE in the next 
volume, which gives the exact values accord¬ 
ing to Mn. De Aioivre s first of 

two joint lives, for every five years of human 
life, from iO to fo. 

Tins 
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This lujpofhesis, 1 have observed, does not 
Jilier much frohi the Tables of Observation 
Tr BrcsUuv, NorihampUm, and Jsonvich. *Bc- 
ivv’een (he a-^es of 30 and 40, it gives the v’^a- 
single lives almost the same with the 
B, 'csVa/eTable. Under 3o, it gives them some¬ 
what less; and above-lu, somewhatg/v’o/er. 
But it ouglit to be remembered, that wbcrc- 
ever it does this, it gives, at the same ages, 
the values of the joint lives also too little or 
Loo great; and tliat, consequently, the re¬ 
sults from it, in calculating the values of lie- 
versions, and of tlie longest of given lives, 
come so much nearer to exaciaiess. 

The rules to which 1 have obje,cted,are the 
only ones given by Mr. De Moivre, in all the 

editions ot' Ids Treatise on Life-Annuities. 

. • 

But it seems, this great mathematician be¬ 
came at last sensible, that they were too in¬ 
correct; and therefore, at the end of the last 
edition of his Treatise on the Doctrine, of 
Chances, page 32o, (a work which gets into 
comparatively few hands) he has given other 
rules which come nearer the truth. But 
even these rules produce errors so great in 
many cases, (particularly when combined 
with the errors of the Irypcfthesis) that it will 
be best never to use tliem. 


TOL T. 
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POSTSCRIPT 
FOR THE FOURTH EDITIOX. 

Since the former editions of this woric I 
liiive found reason to be dissatisfied with 
Mr. De Mownh fmt as well as his second 
hypothesis. There is no sftuation in which, 
in the first and last periods of life, it cor¬ 
responds to fact; and in. some situations, 
particularly great towns and country parishes, 
if does not correspond sufficiently to fact in 
anif periods of I'fe. An inspection of the 
Tables of Observation in the next volume 
will prove this. However useful, there¬ 
fore, this hypothesis may be in many cases, 
it would be best not to be under any ne¬ 
cessity of having recourse to it; and for 
this reaeon, and also to render this work as 
complete as I am capable of making it, I 
have, while this edition has been in the 
press, and with the help of some friends, 
calculated the tables in the next volume of 
‘the values of single and joint ® lives from 
the Northampton register of mortality. This 
register has been chosen for this purpose, be¬ 
cause it gives the mean values of lives be¬ 
tween the highest and lowest, and is on this 

‘ The valilc of the rct'crsionary annuity, mentioned 
in p. 208, is by these Tables in annual payments, 
instead of 13.5, as there given from the hypothesis. 

dccount. 
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account, and xilso in conseqtiencc of the 
corrections I have made in it, better fitted 

for general use than any other.-1 have, 

licr^.wer, retained the Tables of these values 
according to Mr. l)e Moivres Hypothesis, 
publislied in the former editionsof this work; 
because all the wxamples in the preceding 
part of this work have been taken from them, 
and there arc some cases in which they may 
.still prove of use. 

The computation of the values of joint 
lives correctly from a given, table of Ob¬ 
servations, is a business so tedious and tire- 
.soint', that it bus scarcely been ever exe¬ 
cuted, except by Mr. Simpson from tlie Lon- 
don Observations; and as these give the va¬ 
lues of lives among a body'of people taken 
in the gross in one of the worst of all si- 
tuations, they are b}' no means tit for com¬ 
mon use.-1 have therefore, employed a 

good deal of aitcntion to find out the most 
easy and expeditious method of making these 
calculations; and I shall here give the fol¬ 
low ing Sped men of a method (deduced from 
that described by Mr. Morgan in his Treatise 
on Life-Annuities and Assurances, chap. 2d, 
sect. 2 d, p, 56 ) which, at the same time 
that it renders mistakes impossible,will ex¬ 
pedite this work as much as Ihe nature of it 
wdli aliovv, and render the computation of 
the values’ of any number of Joint lives not 
fiion; dithciilt or tedious than the computa- 

p 2 tion 
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tion of the values of an euuai number of 
single lives. 

Let the 1 able of Observations be that for 
Northampton, or 1 able 1 rth, in the next vo¬ 
lume; and l('t the rate of interest be'^''j&er 
cent. 

^V'rite down on a pajier to be always kept 
in sight the Logarithms of all the numbers 
in the column of the living without the In¬ 
dices. 


EXAMPLE FIRST. 


age o~ 

11 6.50 — Log"’" 

. .066325 

1 year 8fi5o— 

.93/016 

&c. 

&c. 

&c. 

age 81 — 

4o6— 

.608526 

82— 

34(3— 

.539076 

83— 

289— 

.460897 

8 1 — 

234— 

.369215 

&;c. 

&C. 

&c. 

age 91 — 

34— 

.5314 78 

92— 

24— 

.380211 

93— 

i 6 — 

.2041 19 

94— 

9— 

.954242 

95— 

4— 

. 6020.59 

90— 

1 — 

.000000 


Find Ihe Logarithm of e£l, increased by 
Us interest for a j ear, and also the Loga¬ 
rithm of the value of dBl, payj}ble at the 
end of a nymber of years equal to the dif- 

5 terence 
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fercnce bet^^ tien the greatest and least ages 
ill the Table 'of Observations lessened by 
the dilfcrence of age between the joint feves 
whose values are to be ealculated. 

EXAMPLE SECOiXD. 

Interest being at 4 per cent. £\, inercased 
by its interest for a year is 1. 0 - 1 ; and the 
J.logarithm of 1.01 is .01/0.33.3. 

In the Northam’ptun Table of Obsen'ations 
the greatest age is ()0', and the least age 0. 
The diifercnce, therefore, is <)(); and sup¬ 
posing the gi^'en difference lof age between 
the two joint lives to be 10 years, the value 
of vLl payable at the end of y number of 
years ecpial to the diderence between the 
greatest anti least ages in the table lessened 
by the dilfcrence *of age between thp joint 
lives, will be the value of -Cl payable at 
the end of 8() years. Table 1st, in the next 
volume, shev\s tliis value to be .03-228/2 
(reckoning interest at 4 per cent.) the j.iO- 
garithm of which number (striking out the 
Index) is .535133. 

N. J3. 'fhe best way of finding this Lo¬ 
garithm is by multiplying the Logarithm of 
d£.l with its interest for ft year by the dif¬ 
ference between the greatest and least ages in 
the Table lessened by the ditferencie of age 
between thejoiijt lives, and* subtracting the 
product from unity. The remainder will 
be the Logarithm sought. Thus, in the 

present 



Of M&tkod of calculating 

/present exaRiple .01/0333 myltiplied bj 86 , 
gives (without the Index) .# 164864 , which 

subtracted from unity leaves .335136.-- 

Had the given difference of age between 
the two joint lives been 15 years, antj/he 
youngest age in the Table of Observations 3, 
and the oldest 94 , the Logarithm ,0170333, 
instead of being multipli,ed by 86 , must 
have been multiplied by 76 , and tlie pro¬ 
duct (without the Index) subtracted from 
unity would have been , 705469 . 

. Having made these preparations, the cal 
culations must begin with the oldest joint 
lives, and proceed upw^ards according to the 
following specimen. 


5?E‘CIME« 
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2,1-6 the Method of calculating 


OBSEllVATiONS. 

< 

In the addition of the Logarithms in this 
Specimen, the decimal parts only are Wbo 
retained. 

In subtracting them, it is of no conse¬ 
quence whether a Logariflim is greater or 
less than that from \\ hich it is to be sub¬ 
tracted. 

In every column, tiic mnnbers in the 
lines B, C. 1), I'i, F, O, Tl, give the. value. 
The Ollier numbers give the proof. 

The //ev/ ijogarithms in the lines B and C 
arc a1\\ays the Logarithms of the numbers 
of the fning at the oldest ag<'s in the Table 
of Observations, \Ahieh have the given dif¬ 
ference of age, and tlic following Loga¬ 
rithms, are the Logarithms of the numbers 
living at the next ages, each one year younger 
than the preceding. 

The values of the two joint lives are the 
numbers of the Logarithms in IT ; and the 
• proof of these values consists in the equality 
of the sum of the numbers in Land M in one 
column, to the number in M in the following 
column. And it should be particularly ob¬ 
served that this pfoof answers suthciently if, 
m consequence of placing the numbers in Jj 
and iM over one another in an?/ order, a sum 
can be made out whose first 6 figures are 
equal within 5 or 6 units to the succeeding 
number in M. If the proof does not answer 

within 



the Values of Joint Llees. 2i»7 

w ithin this Jin^it, the calculations have been 
too incorrect h nnd it will be ncc(v,sarv to 
examine the numbers not verified by thc^last 
proof; namely, the numbers of the two 
Logal'ithrns in 1 and H in the preceding co¬ 
lumn ; tlie Logari|hms in B and C and D in 
the column; and the LogaritInns 

in A, E, F, G, H', 1, and K, in the column 
wdierc the proof is found to be deficient. 

E’X AMPLE. 

Idle addition, in the foregoing specimen, 
of the first numbers in L and M to one an¬ 
other, when the first figure^ in M is placed 
under the second in L, makes 315020, which 
is within one unit the same ,^vilh 3150l(), 
the second number in the line IM; and this 
proves the calculations so far to be sulfi- 
cientlj correct.—»-■—In like manner;^ the ad¬ 
dition of the third numbers in ]., and M 
gives tlic juLirfh in M within three units. 
But had th(' atldition of the numbers in L 
and M given the subsequent number in M 
only wdthin six units; that is, had it giveu' 
the number 287017 or 28/035, an incorrect¬ 
ness of too much consequence must have in¬ 
sinuated itself, and it would have been jiro- 
per to examine the numbers and Logarithms 
just mentioned, in order to detect it. 

* This supposes that the values c.T the joint lives are to 
he found to three places of dceinials. I'he agreement of 
Jive figur'js within 4 or 5 units will he suffieiejit, if the 
values are required only to two places of deeunals. 


In 



2^} 8 Of the Method of calculathig 

In calculating the last value; that is, the 
value when the youngest or the lives is the 
youngest in the Table (or a life just born, 
according to most Tables) this proof will 
change into a new proof, verifying ail -the 
preceding values. For the Logarithm of j£l 
with its interest for a year (that is, .017033 
when tlie interest is 4 pcr»ce7it) subtracted 
from the Logarithm in F, will leave a Lo¬ 
garithm, the number of which will be the 
sum of the numbers in L and INI in the pre¬ 
ceding holumn. 

This Specimen will be accommodated to 
the calculation pf the values of single lives", 
by striking out the Logarithms in C, and 
making those in D the same with those in 
]>; and ‘also making the first Logarithm in 
A, from which all that follow arc deduced, 
the Logarithm of 'c£ i par able at the end of 
a number of years, cejuai to the oldest age in 
the Table when it begins at birth, or to the 
did'erence between the oldest and ypungest 
wheh it begins at any age after birth. 

. This Specimen will be accommodated to 
the calculation of the values of any three 
joint lives, if to the Logarithms in B and C 
are added (in order to obtain £)) the Loga- 


“ In this case, and also in calculating the values of eqtial 
joint lives, the first Logarithm in F (when the number living 
at the oldest %ge in tlje Table is 1) will be nothing; but 
notwithstanding this, the first Logarithm in G must be sub¬ 
tracted from it just as if it was unity, in order to obtain the 
first Logarithm in H. 

•> 


rithms 
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rjthms of tlie numbers living at (Ulicr 
nges, the diireiVmce between which and the 
ages in |j and (' is given; and if, likewise, 
the series of J^ogaritliins in A is deduced 
tis<^un^,thc Logarithm of the value of cAl, 
paya])lc at the end of a number of years 
t'fjual (ii' the ages begin at o) to tlie oldest 
in the Lal)lc: orjif they do not begin at o) 
to the ditference of age between the oldest 
and youngest in the d'able; lessened (in both 
cases) by the ditferenc(‘S of age betw eon the 
oldest and youngest of the three jokit livfs 
whose values are sought.-^Lhus. Sup¬ 

posing the given differences between the 
ages of the joint lives whose values are to 
be calculated to be 5 and lo years, and the 
interest 4 per cent, and the dddjle of Obser¬ 
vations to terminate (as the Northampton Ta¬ 
ble does) at 96 years of age, and to begin at 
o. The series of Logarithms to het added 
to those in B and C in order to obtain D, 
will be the Logarithms of the living at 91 
jn the first column, at 90 in the second, at 
89 in the third, &e. And the Logarithms 
in A will be the same with those in tiie 
iSpecimen. But had the differences of age 
been 10 and 15 years, the Logarithms to 
be added to those in B apd 0 w ould have 
been the Logarithms of the living at 81, 80 , 
79 , &c. and the first Logarithm in A wmuld 
have been the product of,81 into .01/033 
subtracted from unity or .t)20302, and the 
following Logarithms in A wmuld have been 

.01/033 
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.01/033 added continually go this Loga¬ 
rithm. 

It is hence evident that in this method 
computations of the values of any given two 
Or three or /iw/r joint lives are nearly aiS*-ea1iy 
as comjMitations of tlu; values oi' single lives; 
and may, after some praetiee, be pcaiormed 
almost as expediti(nisly as'the numbers can 
he v^ ritten. 

An error in a hook of Logarithms may, if 
not suspcct('d, prodiK'e inlinite perplexity; 
and therefore, w hen, aff(”r n'})eating any cal¬ 
culation, lh(' souret; ot' an error cannot he 
disco\ered, it veil be right to examine the 
Tables iVcnn whence the Logarithms i^ave 
heen tak-m. ^ In gciieral. tlie order in v\hich 
tlic numb'cvs t(>l!ow" oisc anotlier will imme- 
diatc'Iy diM'over an error of the press; ljut if 
not, a diifejeCit liook of Logarithms should 
})e c;onsulte(i; and if possible, Mr. Gardi- 
MCifs, v\hich is so correct as to be almost 
invaluable. 

!l may !)C projM'r to observe; once more, 
.that it is very (visv to take from Suerw ix’s 
or G \imsincr’.s dabics the numbers of fvO- 
garithms, and the Logarithms of numbers 
to r/.r figures; and that if tins is done, the 
re-ulting values wnsl be always accurate to at 
h ast the third place of decimals. J^ut, if 
such a d('gre(; of accuracy is thought n'eed- 
)(’ss, it will he sufficient to take them to fvc 
figur('s 


The 
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I'hc Thcorc^iis on which tlie inelhod of 
calculahons licre explained (exchi.si\e of the 
proof) ^ire grounded, will be gi\ cn in «ote 
N at the end of tliis volume. But a more 
distitfet investigation of tliesc Tlieorems, 
and also an explanation of the principles on 
which the proof is founded, has been given 
by Mr. IMoru^au in hisd'realise on Annuities 
and Assurances. Chap. 2d. Sect. 2d. 

The rules for finding, from the values of 
two or three joint lives, the values of the 
longest of any two or three li\ es: and also*a 
very easy rule tor obtaining ocarhj the value 
of any ///ree joint Ihes from tlic values of 
iivo joint lives, will be given in tlie next 
x’olume at the end of the d’aijle, shewing 
the values of two joint ii\ es according to the 
Northawploii Observations. 


Account of a method of deducing, from the 
correct values (according to anij ohssrra- 
liolisj of any single or joint lives at one 
rate of interest, the same ridues at other 
rates of interest. 

PRELIMINARY PROBLEMS. 

JhioBLEXj T. The expectation <given of a 
single life by any table of observations, to 
find its value, supposing the decrements of 
life equal, at any given rate of interest. 

Sol.UT10^^ 
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Solution. Finding in Tabu IT. the value 
of an annuity certain for a number of years 
equal to twice the expectation. Islultiply 
this value by the PEiirLTUiTV inci;eased 
by unity, and divide the product by twice 
the expectation, 1lic quotient subtracted 
from the perpetuity will be the value re¬ 
quired. 

EX AMPli:. 

^Thc cxpcctaflon of a life aged ten, by 
the Northampton, observations (See Table 
XVIIT.) is 39 . 78 . Twice this expectation 
is The value of an annuity certain 

for 79 -36 \ears is, by Table 11. (reckoning 
interest at 4 'per cent.) 23.893. I'he product 
of 23.894 into 2 G (the perpetuity increased 
by unity) is 021.244, which, divided by 
gives 7 . 808. And this quotient 
subtracted from 25 (the perpetuity) gives 
17.192 years purcliase, the value of a life 
aged ten, deduced from the expectation of 
life at that age, according to the North¬ 
ampton observations. 

This is the rule by which Mr. I)e Mohme 
has calculated the table commonly used of 
the values of live;^ according to liis hypo¬ 
thesis ; and trom this Table (the sixth able 
in the next volume) the value required in 
this problem may, be deduced more com¬ 
pendiously in the following manner, pro¬ 
vided the expectation docs not cxcccvl 38.— 
“ Take the diiierencc bcttNcen twice the 

“ expectation 
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“ expectation a^d 86 ; and the value in the 
“ Table corresponding to that ditFercnce, if 
not lesl than J 0 , will be the value sought.’* 
Thus; tmce the expectation of a life aged 30 
(that i^, its complement) is, by Table XVIII. 
.'■>6.54. The difference between it and 86 , 
is 29 . 46 . And since the value correspond¬ 
ing to age 29 in Mr. Dc Moivres valuation 
of lives (or in Table VI. in the next volume) 
is (reckoning interest at 4 jOer m/if.) 14 . 816 ; 
and the value corresponding to age 30 is 
14.614 ; it is obvious, that the value cor¬ 
responding to age 29.46 must be the greatest 
of these two values lessened by P4’~ of the 
difference between it and the least. This 
difference is 202 ; and of4t (o.r .202 
multiplied by .46) is . 093 , w hich subtracted 
from 14 . 816 , gives 14.723 the value sought 
of a life whose/expectation is 28.2/ (or 
w'hose complement is 56.54) on the sup¬ 
position of an equal deerement of life. 

PROBLEM II. 

Having the expectations given of any two 
lives by any table of observations, to deduce 
from thence the value of the joint lives at 
any rate of interest supposing an equal de¬ 
crement of life. 

Solution. Find the difference ibetw'cen 
twice the expectation of the youngest life, 
and twice the expectation of the oldest life 
increased by unity and twice the perpetuity. 

Multiply 
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Multiply this clitFerencc by the value of an 
annuity certain lor a time equal to h^'icc the 
expectation of the oldest litc; and Ly twice 
the same expectation divide the prod-act, re¬ 
serving- the quotient. '*> 

From twice the perpetuitv subtract the 
reserved quotient, and multiply the remain¬ 
der by the perpetuity increased by unity’'. 
This last product divided by twice the ex¬ 
pectation of tlie youngest life, and then sub¬ 
tracted from the perpetuity, wall be the re¬ 
quired value. 


EXAMPLE. 

Let the joint lives proposed be a life aged 
10, and anoVher agecl 15, and let the table 
of observations be the ISorifiamptoii Table, 
and the rate of inlerest 4 })cr cent. Tv ice 
the expectations of the two lives are /“().56 
and 73.02. (See Table XVm.) 

'Fwiec the exjic'-tation of tiic oldest life, 
increased by unity and twice tile perpetuity, 
.is 124.02, which lessened by r9-5(j (twice 
the expectation of the youngest lib') leaves 

44.40 for the reserved remainder.-This 

remainder multiplii'd by 23.574 (the -saluc 


When twice the expectation of the youngest life is 
greater limn twice the expectation of the oldest life in- 
cre-ased by unity and tp'ice the perpetuity, the reserved ejuo- 
tieiit, instead oi'!)ein^t snllruiled iroin twice the jterpctuitv, 
must he added to it, and tlie sum, not tlie diJj'oerKe, mul¬ 
tiplied by the perpetuity increased by unity. 


of 
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of an annuity ^certain > for 73.02 years) and- 
the product divided by 73.02 (twice the ex- 
pectaticln of tiic oldest life) gives 14.35J the 
(^uoti^t to be reserved; wliich .‘subtracted 
from'aouble the perpetuity, and the remain¬ 
der (or 35.0-48) multiplied by the perpetuity 
increased by unity (or by 26 ) gives 926 85, 
which divided by 79-56 (twice the expec¬ 
tation of the youngest life) and the quotient 
subtracted from the perpetuity, w'e have 
13.350 for the required value. 

This calculation may be made more easily 
by logarithms in the following manner. 


'' This value, when the number of years is a whole 
number with a fraction added (as will bt commonly the 
case) may be best computed in the follotving manner. 

Suppose the number of years to be 83.28. 

The value of an annuity certam for 83 years is (by 
Table II. Vol. II.) 2.4<035. The same value for, 84 years 
is 24 . 072 . The difference between these two values 
is . 0 . 37 ; which difference multiplied by .28 (the fractioi .J 
part of tlie number of years) and the product (.OlO.i l 
added to the least of the two values, will give 24,04^ the 
value for 83 28 years. 


tou i, Ci 
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Twice the expecta-? « 3 q'> 
tionofthe eldest is) ' 

ADDf>twice the per-^ 
petuitT increased^ 5 l.oo 

by unity - - J - 

Sum - - 124.02 

Subtract twicer 
the expectation of> 79-56 

the youngest - ' - 

Remainder - 44.46 

Log. of 44.46 is 1.647,9695 
Log. of 23.574 is 1.372,4333 


Sum - 3.020,4028 

Subtract - 1.863,4418 Log.of 73.02 


Remainder - 1 . 156 , 0610 ) the number of 

(which IB 14-352 
t or tile remainder 
j to be reserved. 

Twice the perpc-l 
tuity is I 

Subtract 14*.352 


Remains - - SS-bfS Logar. of which is 1.552,0552 
Add Log. of the perpetuity increased by unity 1.414,97S3 


Sum - 

Subtract Log. of twice the expectation of the 
youngest ......... 


} 


2.967,0085 

1.900,6948 


llcmaindcr - - 1.066,3137 


The number of this last remainder is 
11.650, M'hich subtracted from 25 (the per¬ 
petuity) leaves f3.350, the value sought.— 
See the algebraical canon in Note (L) at the 
en^ of this volume. 


GENERAL 




at differoit Rates of Interest. ^7 


GENERAL RULE. 

Call.the correct value (supposed to be 
.«omjiJ!fted for any rate of interest) the first 
value. 

Call the value deduced (by the preceding 
problems) from the expeciatiojis at the same 
rate of interest, the second value. 

Call the value deduced from the expecta¬ 
tions for any other rate of interest the itiird 
value. 

Then, the diflercnco between \hc first and 
second values added /o'er suhjjtracted /fow the 
//i.’/Y/value, just as H\c. first is greater or less 
than the second, will be the value at the rate 
of interest for which the third value has 
been deduced from the expectations. 

The Jollou'ing examples irlll malic this per- 
fiectlij plain. 

EXAMPLE I. 

In the 48th and 49th Tables, Vol. II. tlie 
correct values are given of two joint lives 
among mankind at large, without distin¬ 
guishing between males and females, accord¬ 
ing to the Sweden obseryations, reckoning 
interest at 4 per cent. 

Let it be required to find from these 
values the values at 3 per ciint.-, add let thttr^ 
ages of the joint lives be supposed lO and 
to. 

Q 2 
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The correct value by l^ble XLVIIf. 
freckoning interest at 4 per cent.) is A 6 . 141 
The*'expcctation of a life aged lo-is (by 
Table XLIV.) 45,07. The value deduced 
from this expectation at 4 per cent, by 
TroK II. is 14.539. The value deduced 
by the same problem from the .same ex¬ 
pectation at 3 per cent. Is 1 6 . 808 . The 
difference between the frst and second values, 
IS 1.602, which, added to the third value 
(the fins.^^ being greater than the second) 
makes 18.410 the value required. 

EXAM PE II. 

Let the values be required of two joint 
lives aged 50 and 60, at an interest of 3 
per cent, from the correct value given at an 
interc.stof 4 per ce.ut. according to the North- 
aniptun'ohsei'V'ciUons. ' 

Fh'sf or correct value at 4 per cent, by 
Table XXll. is 6.989. The expectation 
of Ao is 17.99; of 60, is 1 . 3 . 21 , by Ta¬ 
ble XVIll. The secotid value, or the 
‘value deduced from these expectations at 
4 per cent, is, by Prob. 11 . 7.l^i2. The 
third value, or the value deduced from the 
same expectations at 3 per cent, is 7.704.— 
The difference betweert the first and second 
is .193, which (since the second is greater 
thah the frst) inust be subtracted from the 
ilnrd, and the remainder (or 7 . 511 ) will be 
the value required.—The exact va|ue at 3 
per cent, is, by Tabic XXII. 7.460. 


If 
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If the val uv* is required at 5 per cent, the 
ihird v^Iue will be (i. 732 ; and the dilierence 
subtracicd from 6.732, will leave 6.53(5 the 
Jialue^ 5 per cent. 

The exact value at this nate of interest, is 
(bj d a])le XXI i.) 0.568. 

E>JA]VIPLE III. 

Let tlie value be required of a sin^dc male 
life aged lo, at 3 per cent, intercs't, from the 
correct value at 4 per cent, accordi.ug to the 
Sweden observations. 

First, or correct value at' 4 per cent, (by 
Table XlyVll.) is 18.674. The expectation 
of a male life aged 10, is (by Tahiti XLIV.) 
43.94. 

I'lie second value (or the value deduced 
from this expecteftion by Prob. I.) is 1 * 7 . 838 . 

The third value (or the value deduced 
from the same expectation at 3 per cent.) is 
21.277. 

The difference between the first and second 
is .836; which (since the first is greater than 
the second) must be added to the third; and 
the sum, (that is, 22 . 113 ) will be the value 
required. 

The third, value at 5 per cent, is 15 . 286 ; 
and the difference added to 15.286 rAak^s 
16.122 the value of a male,life a^d lOa^, 
per cent, according to the Sweden observa¬ 
tions.—The exact value at 5 per cent, is (bv 
Table XLVII.) 16.014. 

Again 
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Again. The difference betiween 16.014 
(the correct value at 5 percent.) andh 5.286 
(the Value at the same interest deduced from 
the expectation) is .728; which, addend (be¬ 
cause the first value is greater tlian the se- 
Cond) to 13 . 335 , (the value deduced at 6 
per vent, from the expectation) gives l- 4 .o 63 , 
the value of the same life, reckoning interest 
at 6 per cent. 

These deductions, in the case of single 
lives particular!}', are so easy, and give the 
true values so nearly, that it will be scarcely 
ever necessary to cal'^’datc the exact values 
(according to any gi\'en observations) for 
more than one rate of interest. 

If, forjnsta'nce, the correct values are com¬ 
puted at 4 per cent, according to any obser¬ 
vations, the value.s at 3 , 3 ' , 4 (, 5 , 6, 7 , or 
8 per cent, may be deduced from them by 
the preceding rules, as occasion may require, 
without much labour or any danger of con¬ 
siderable errors.—The following comparisons 
will shew in some measure how fur the: e 
'deductions may be depended on. 


Vvilues 
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Value Single Male Lives by the Sweden 
Table of Observations. 


1 

Aros. 

Valufs at 5 pet ci ui. de¬ 
duced from the cunect 
valuw by Table XLVII. 
at 4 per cent. 

Correct talue.i by Tabic 
x\.LVIL at b per cent. 

5 

15.87P 

15.780 

10 

1(3.122 

16.014 

15 

i5.ro; 

1,5.624 

30 

13.pop 

13.889 

bo 

;.p(jp 

7 . 9*63 

w 

5.41^,^^ 

5.389 


Values of two joint Lives by the North* 
AMPTON I'able of ObseiVatioiis. 


Ages. 

Values aibpvi 
ivut. deducted 
from the cor¬ 
rect valuesat 4 
percent, b\ Ta¬ 
ble XX. ^c. 

f 

Correef \tilues 
at 5 pi r (tuf. 
by Tables 

xvm. XL\. 

tVc. 

Vaiiiesai 3pn 
itnf. deduced 
from the cor¬ 
rect values at 1 
percent, by Ta¬ 
ble XX. eStC. 

C/orrect va 
?ije5 at :j pr/ 

• eut. bv Ta¬ 
bles X\. 
\\i. dec. 

5 - 5 

11.9 89 

11.984 

15.618 

15 .‘ 63 S 

15-15 

11.986 

11 .p6o 

15.184 

15.229 

25-25 

10.775 

10.761 

13.389 

13.383 

40-40 

9.006 

9.016 

10.756 

10.764 

O0-60 

, 5.842 

5.888 

6.692 

6.606 

c 

1 

0 

1 0 . 214 

10.205 

12.368 

12.459 

30-60 

00 

7.292 

8.396 


50-60 

(3.555 

6.568 

7-451 



Values 
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Values of Single Lives bj the Northamp¬ 
ton I’able of Observations. 


Ages. 

Valut"- a( bprr 
cent. rtedufCfi 
f.*oin tht^ cor- 
rort valiit-. a( 
4 VCI cent. b\ 
r,4i0 XIX. 

1 Vainer at^i />('/' 

;Corr<*ct va-dtthued 
lues lit .5 tlie <'or- 

C'lit. by Tabic ICCt va!uc> ai 
A I 5 per cent. b\ 

I'l’hhlc Xl.X. ‘ 

CorirX, vu- 
Inos .H .‘I p 'r 
ceut. by i’abl ' 
X[X. “ 

5 

14.82.'; 

14.827 

20.435 

20.473 

JO 

15.162 

15 . 1.39 

20.652 

20.663 

68 

6..S46 

6.536 

. 7 ..3 5 3 

7.367 


VoLm s .it 4;?^; 

1 Voluc- ai 5 prr 


, 

iijit. <lfdu4'fd 

Clorrc,.' va- 

iiuf. dcduccf!| 

1 rt.m the ror-‘C’orrcct values 


from lht» tor- 

Uiffe nt 4 per 

values iitx/it. by 1 uble,jf‘r( values b pet cent. 

a r e» n/. bvXIX.'*'^ ' 'i ver c<nt. 1»\! 


lafiio xr.x. 


m.i.- XIX, 



J 7 . 28 () 

17.248 

14.850 

14.827 

10 

17.500 

17.523 

15.173 

15.139 


6.920 

G.()3o 

6.560 

6.536 


It may be observed in these examples, 
that the deduced values are sometimes almost 
the same vshth the correct values; that aoie- 
'■ratlijXhey do not ditler more than a 20Lh or 
;i()th of a year’s purchase; that in joint 
lives they differ less than in single lives; 
and that they come equally near to one an¬ 
other ivhcitcver the rates of interest are. 

Tjie following- observation will shew the 
reason, of the circumstance last mentioned. 

'P'f valine deduced from the expectation 
i^mcides with thf; correct Aalue when the 
rate of iaterest is little or nothing; and, 
eomsequently, the ditierence between the two 

a values 
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values becomes then little or nothing; and 
to this ,it is continually tending as the in¬ 
terest is diminished. On the contrary; yhc 
'i(/creas^t value occasioiu'd by the decrease 
of interest tends to make the difference 
greater. 'Inhere is, therefore, in this case, 
the counter-action of tw o causes which al¬ 
ways k< ep the difference nearly the same in 
all rates of interest. 

The preceding rules seem to leave nothing 
wanting on this subject except talbles of 
<iie values of two joint lives at any one rate 
of interest, when the livcs’mre either both 
male or both female lives. But the fol¬ 
lowing rule for finding thesfg,valucs from 
the values in the Sweden Tables, will 
render the labour of composing such tables 
almost needless. 

Rule for computing from the values of 
two ioii'.t lives in Tables XLYllI. and 
XIJX. the values of two joint lives 
both male or both female. 

Find in that column of Table XLV. 
“ which shews the expectations of lives in 
“ general, two ages wdtose expectations 
“ come nearest to the expectations o^the 
“ two male or the two female ^ves ptca^ 
“ posed. 

“ From tliesc expectations deduce, by 
the rule in p, 223 , the value of two joint 

K ves 
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lives at those ages; and take the difference 
“ between this value and the correct value at 
those ages in Tables XLV^III. anti XLIX. 
“ Deduce also, by the rule in pa^^e 22 ,.'^/ 
the value of the joint lives proposed, 
‘‘ from the expectations in Table XLV. of 
male and female lives. The difference 
“ yust found added to this' last value, if the 
“ value before deduced from the expecta- 
tions of lives in general is less than the 
‘‘ correct value, or subtracted from it if 
‘ ' greater, will be nearly the correct value of 
“ the two joint lives proposed.” 


EXAMPLE. 

Let the two proposed lives be both fe~ 
7??a/e lives, one aged 20 and the other aged 
50. 

The expectation of a female life aged 2 a 
is, by Table XLIV. 3f).Ja. 'fhe expecta¬ 
tion nearest to it, in Tahie- XL\'. shewing; 
the expectations of lives in gi'n(nal, is 39 .^ 7 , 

corresponding to a life aged 18.-In like 

manner; the expectation in the same Table 
nearest to the expectation of a female liti; 
aged 50, is 19 . 09 , corre.sponding to age 
49 .—i—The value* (deduced from these ex- 
pec^tions) of two joint lives aged 18 and 
^,''is, by» the rule in p. 223, 10.245. The 
correct value, taLen from Table XlffX. is 
10.851, and the difference is . 606 , which 
difference added (since the former value is 

less 
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less tlian the latter) to 10.281 (the value of 
two joint lemale lives aged 50 and 2 o, de¬ 
duced fn'/in tile expectations by the rule in 
y.. 223 ''' makes 10.887, the correct value 
nearly of the joint lives. 

In order to find how near the values thus 
found conic to the exact values, let the va¬ 
lue of a single female life aged 20, (reckoning 
interest at -l per cent.) be computed in the 
same manner from, the correct values given 
in Table XLVJl. of the values of fives in 
general. ' 

The expectation in^T^file Xl.V. nearest 
to the expectation in Table^LlV. of a /k- 
wa/e life aged 20, is 39.-17, which, in Ta¬ 
ble XLV. (shewing the cxpecf»tion gf lives 
in general) is the expectation of a life aged 
18 .-The value of a file aged 18 , de¬ 

duced from this expectation by the rule in 
p. 223 , is 17.138. The correct value in 
that column of Table XLVTI. which shews 
the values of lives in general, is 17.8,97. 
d'he former value is the least, and the dif¬ 
ference is .759.-Ihe value deduced 

by the same rule from 39.15 (the expecta¬ 
tion of a female life aged 20 ) is 17 . 083 , and 
the difference just found added to this value, 
makes it 1 7 .S 4 ‘ 2 , which is very nearljL the 
same with 17.872, the correct value int Ta¬ 
ble XLVII.-The value ^deduc«d in \i>e 

same manner of a malcYii'c aged 2 o, is 17 . 363 . 
The corjrect value (in Tabic XliVII.) is 
17 . 335 . 



^6 ' Account of Values,, ^c. 

Value by tlm Hide of > 

A Jii^ale life aged 50, is 12.000-Correct value is 12.019 

aged 60, is 9.018-Correct value is 9,039/« 

Of a jBflZe life aged 30, is 1.3 722-Correct valuers 15.7Si 

aged 70, is 5.702-Correct value is 5.670 

In calculating by this rule, when any 
other rate of interest than 4 per cent, i.s 
used; the values of the joint lives, at that 
rate of interest, (deduced from the expecta¬ 
tions and from the values in 1 ablcs XLVIII. 
apd XLIX. at 4 per cent, by Prob. II. p. 223) 

must be taken for the correct values-It 

must likewise be. "X; oo.aibered, that this Rule 
cannot be used when the youngest of the 
two joint lives is les.^ than ten years of age. 
In other cakes, the values found by thi.<- 
Rule will be right generally within a 30th 
or -loth of a year’s })urchase, and never, I be¬ 
lieve, Wrong more than a loth or 20th of a 
year’s purchase. 


CHA.PTF,R 
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CHAPTER V, 


Short and easy theorems fur finding. In all 
Tases, the differences between the Values 
of Annuities phynble Yearly, and of the 
same Annuities payable Half year tip (yuar-- 
terhj, or Aloinentlt/.^bJoinniunica/ed in a 
Letter to Sir John Prin^, Barf. B.K.S, 
and read to the Boyal Society, JS'nvenibcrg, 
1775 , and published in //JT^Piiilosoplilral 
transactions, Jdl. 66, Part. I. 

The values of anmiities, as given in 
all tlic common Tables, suppose them paid 
yearly. But it is well known, that gene¬ 
rally they arc paid ha]f-y('arl\', and some¬ 
times quarterly : and that this is a circum-' 
stance which always adds to their value, 
t'he diflercnce between the Aaliies of annui¬ 
ties, according as they are paid in these dif¬ 
ferent ways, I have sceif no where ;|^tatcd 
with accuracy; and therefore, I have thought 
that the following attempt to do tjiis may he 
of some use. 

Annuities are of twm sorts. They arc 
either payable certainly or conditionally. 

Of 
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Of the former sort are all annuities wiiich 
are payable at fixed times, without d-iepending 
on ,aay contingency. Of the latter sort are 
all annuities on lives. 1 will first gonsideF 
the first sort of annuities. 

Let r denote the interest of £ 1 for a year; 
and n the term or number of years during 
which any annuity is to be paid. Let p de¬ 
note tlie value of the perpetuity, or the quo¬ 
tient arising from dividing £ 1 by its interest 
for a year. Let y denote the value of an an 
annuity for n yearn, supposing it to be paid 
yearly; h its value, payable half-yearly; (] 
its valuCj'payabL 'quarterly; and m its value, 
payable momently. 


THEOREM r. 


y = p 


r X 1 + r 


THEOREM IE 


/i = p 


^ X 1 + 


THEOREM. 
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THEOREM III. 
1 

q P — 4^ 

r X 1 + - 
4 > 


THEOREM IV, 


M =; p-wtiere n denotes th*e 

Tti 

number which hath its hyperbolic 

logarithm, and rn x o. 4342 g-H 8 for its lo¬ 
garithm in Briggs S3'stem. 


EXAMPLE I. 

Let the rate ot^ interest be 4 per cent, and 
the term 5 years, and consequently r ~ 0 . 04 , 
w= 5 . p= 25 . 

Then, w = 4.4518 
h — 4.4913 

q — 4.5120 
m ~ 4,5415 


EXAMPLE II. 

Let the rate of interest Ije the i^me, and 
the term for which the annuity is payable 25 
j'ears. 

Then 
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Theny — 15.6220 
h = 15.7118 
, q -= 15.7694 

1)1 = 15.801 


EXAMPLE III. 

Interest being the same, let the term be 
50 years. 

Then,*y = 21 . 4822 ’ 

■ h =: 21,;5491 
q ^ 21.582 

m =:r 217616 


EXAMPLE IV. 

Interest being'the same,^^ let the term be 
100 years. 

Then, y — 24.505 
h — 24.523 
q == 24.532 
m = 24.542 

In the foregoing Theorems it may be ob- 
•served, that the ratio to one another of the 
values of annuities payable yearly, half- 
yearly, quarterly, and momently, is greatest 
when n ^ is least; that it decreases conti¬ 
nually as n increases, till at last it vanishes 
when n becomes infinite or the annuity is a 

per* 
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perpetuity. Agreeably to this it appears, in* 
the examples 1 have given, that the values 
in the first example ditfer more from* one 
another in proportion than the values in the 
second example; and that thest' also ditl'er 
more than the values in the third; and that 
in the last example all the values arc nearly 
the same. * 

These values computed by Mr. De Moivres 
rules in his Treati,se on Life-annuities, p. 8() 
and 124, &c. come out greater wlien n ex¬ 
ceeds, and less when 7 i'falls short of 15 or 
20 years. But those/.u,]gs suppose the half- 
vearly and quarterly interests of money to be 
less than half or a quarter of the yearly in¬ 
terest. Lor instance; the w.kie of an an¬ 
nuity of payable half-yearly and (juar- 
terly for 5o years is, according to Mr. De 
Moivre's rules, /ti.Ogg and 21 . 772 *, or a 
99 th part and 74th part more than the value 
of the same annuity payable yearly, sup¬ 
posing money improved at 4 per cent, \\hen , 
the annuity is paid yearly; and at ,^' 1,98 per 
cent, when it is paid half-yearly; and at’ 
,::£o.985 per cent, when it is paid quarterly : 
That is, supposing money improved at a 
rate of halt-yearly or quarterly interest, 
which, instead of being a half or a quarter 
of the yearly interest, is only that half- 
yearly or quarterly payment which, in con¬ 
sequence of being laid up 'and improved at 
compound interest, will in a year amount to 
the sum that makes the yearly interest. It 

vot. I. II • is 
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js ()]>vious that this cannot be the proper 
method of coni])Viting these values. But 
I’.ot t() insist on this; I will next state the 
dirlerent \ahscs of the second sort of an¬ 
nuities ; or of Hfc-annuilies, aceording as 
they are supposed to be payable yearly, half- 
yearly, quarterly, or mo/nently. 

Let r as before be the interest of <^1 fora 
xcar; n the complement of a given life;* 
h, q, and.w, the values respectively of an 
annuity certain for n years payable yearly, 
lUTif-yeaflv, quarterky, or momently; p the 
perpetuity; v the present value of an an¬ 
nuity on a life-’ ^wlio^e complement is n, 
payable yearly; h the value of the same an¬ 
nuity payabl<^hi^^f"yearly; and q and M the 
^ alues of the same annuity payable quarterly 
and momently. 


"'The complement of a life is, in Mr. De Moivre’% 
iiypotliesis, the number of years it wants of 86. Ip all 
otlicr eases, it is double the e.vpectation of a life; that 
is, it' is double tire quotient (diminished by r unity) 
arising from dividing the sum of all the living in a Table 
of Observations from the age (inclusive) of the given 
life to the extremity of life, by the number of the living at 
tliat age. 


Then 
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Then, y = p 

H = p ■ 

Q*= p . 

M == p - 


L+_!' 

rn 


y-y. 


5+3 


7ir 


i+- 

4 

vr 


m 

nr 


X h. 


xgr. 


EXAR4.PX>E I. 

Let the life be supposed of the age of SG. 
The complement of such jwUfe is 5o, ac¬ 
cording to Mr. De Moivres hypothesis; and 
also very nearly, according to the Breslaw 
and tht Northampton Tables of Observations. 
Therefore, n will be .'50. Let the rate of 
interest.be 4 per cent, or r — o.04. p = 25. 

— 21.482. 21 . 549 . q—2l.r)S2. rp, ~ 

21 .G 1 G. See p. 240. 


Therefore, y= 25 — ^ --^ ++ --x2 1 ,482 = 13,829 


1,02 


«=25-3—^x21,549 = 14 ,010 
‘^=-25 582 = 14,101 


M=25- 


21,6 If) 
'50x0,04 


= 14,191 


R.2 


example 
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EXAMPLE 11. 

t 

Let the life be supposed of the age of 6 l 
T lte complement of this life is 25 by Mr. 
De Moivre's hypothesis and the Northamp¬ 
ton Table of Observations. Therefore, in¬ 
terest supposed at 4 per cent. 


Y =25 
II = 25 
Q — 25 
M — 25 


_ 1,01 _ 

2Fx 0>4 ^ 


i,od' 


15,622 

15,712 


8,753 

8,973 


T.01_ 

25 X 0,04 
—1.5,801 

’ 2^ x7)7fl 


X 15,769 = 9,072 

9,199 


The‘different values, giv^n by these theo¬ 
rems =* of life-annuities payable yearly, half- 
yearly, and quarterly, suppose nothing to 
be due to an annuitant for that year, half- 
year, or quarter, in which he shall happen 
* to die. If, on the contrary, he is to be 


^ It is of no consequence that these theorems are 
founded on the kypotkef is of an equal decrement of life; 
for taking equal yearly values, (or values nearly equal) the 
differences between them and half yearly and quarterly 
values are almost exactly the same, whether they are de¬ 
duced from real obserr’ations, or from this hypothesis.- 

Even in the hypothesis itself it requires a considerable 
difference in the yearly value, to produce any material 
difference in thd excess of the half-yearly and quarterly 
values. 

entitled 
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entitled to such part of the annuity as shall' 
be proportioned to the time whicli sliall 
happen to intervene between his death* and 
the time when the payment immediately 
preceding his death became due; or in other 
words, if the annuity is an annuity secured 

by land, — must.be added to the first tlieo- 

ti/i 

rem in order to obtain the value of such an 
annuity payable yearly. And in Ifkc manner, 

— must be added to th(> second theorem to 

An 

obtain the value of tlm annuity payable 
half-yearly: and^^ to the third theorem, to 
obtain its value payable quartcily. 

The value, therefore, in the first example, 
of an annuity payable yearly on a life aged 
36 being 13,829; its value, if secured by 
land, or to be enjoyed to the last moment 

'M 48'^ * 

of life, will be 13,820 -f = 14,043. 

If secured by land and payable half-yearly, 

2 \ 549 

its value will be 14, 010 -f 2 .;^^= I4,i 17 . 

If secured by land and payable quarterly. 

21 582 

its value will be 14,101 -f 2i_’_ ~ i 4 ^l 55 _ 

The like values in the second exalnple are 

0 , 065 , 9,130, and 9,i5i, 

• 

Life-annuities 4 )ayable monthly or weekly 

may 
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' may be coribidercd as of the sam,e value with 
aunuities payable momently; and it is evi¬ 
dent’ that they must be enjoyed nearly to 
the last moment of life. 

From these rules and examples it may be 
gathered, that the difference between the 
values of annuities on lives payable yearly, 
halMearly, quarterly, and momently, in- 
crca‘;cs continually with the ages; but, if 
not sceur('*l by land, this difference can never 
be so givat as a qu;y’ter of a year’s purchase 
in the case of annuities payable yearly and 
half }earl}-; thgjiiM-^eightiis of a year’s pur¬ 
chase in the case of annuities payable yearly 
and (juarteily: and half a year’s purchase in 
the c.iSe of auTTuitics ]>ayablc yearly and mo¬ 
mently 

Mr. Simpson, in liis Treatise on the Doc¬ 
trine of Lif'-annuities, p. 78 , and in his 
Select Exercises, p. 283, hath given a quar¬ 
ter ot a year's purchase as the addition al¬ 
ways to be made to the value of a life- 
annuity payable yearly, in ordt'r to obtain 
its value payable half-yearly; and three- 
eigb.ths of a year’s purchase, if its value pa} - 
able quarterly is required. But it appears, 
that these are .too large additions; and, 
whatever be the rate of interest or the num¬ 
ber of lives, a litth of a year’s purchase will 
begenerdliy more than a sufficient addition, 
if the value of the annuity is desired pay¬ 
able half-yearly; and three-tenths of a 
yegr’s pnrc.hase, if the value of the annuity 
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is desired payable quarterly. Mr. De Mo'wres ‘ 
rules, in p. 85 of his Book on ivife-ajmui- 
ties, for finding the values of lifc-annflities 
payable half-yearly and quarterly from their 
values payable ye'arly, are still less correct; 
for they suppose the difference between these 
values the same, ^ whether the annuities are 
life-annuities or annuities certain. 

Mr. Dodson, in the first question in the 
third volume of -his Mathematical Reposi¬ 
tory, hath given a rule ^br finding the \ alye 
of an annuity secured by land and payable 
yearly, which coincides wifl^ that here given; 
and Sir. Dc Moivre, in p. 338 of his Trea¬ 
tise on the Doctrine of Chances, hath given 
a theorem for this purpdSel w’hich also 
brings out nearly the same answers. But 
Mr. Simpson, in Prob. I. ’p. 323 of his Se¬ 
lect Exercises, Eftakes the excess of the va¬ 
lue of such an annuity above the value of 
an annuity payable yearly but not secured 
by land, double to the same excess derived 
from Mr. Dodsons and Mr. De Moiiwe's, 
rules. The truth is, that Mr. Dodsons rule 
gives the exact value; and that Mr.\S7?y?/x<o;f*‘ 
problem gives the value, not of an annuity 
secured by land and payable yearly, but of 
an annuity secured by land and payable mo¬ 
mently ; and also, that his method of solu¬ 
tion implies a rate of interest sorriewhat less 
when the annuity is payable momently than 
when itds payable yearly. 
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But to prevent all perplexity on this sub¬ 
ject, I will subjoin the following investiga¬ 
tions; which will be easily understood by 
those who are acquainted with the common 
methods of calculating the valued of life- 
annuities. 


Let r, as before, be the inn,erest of 1 for 
a year. Then the present value of £■ l pay¬ 
able at the end of one .|ear, two years, 

three years, &c. wi)l be ,-==L=i,, 

&c, respect ively.^^^^^nd the present value of 
an annuity certailfior n, years payable yearly 
is the sum of this > series continued to n 


terms, 


\_ _ 1 _ 

r rxF+Tl’' 


T 


rxfTTl' 


In like manner, the presept value of half 
.£i (that is, of los. ~ s£o.5) payable at 
the end of half a year, a year, a year and a 
lialf, &c. reckoning half-yearly interest at half 


^ In the Postscript it will *by proved,“'tliat the sum of 


• 1 1 1 ^*1 ^ 

» terms of the series — +•— +-(- —, &c. 


’*■* I 

is 


1 


a* X « 


a — I 

.... ’ ’v ■ 

Substitute 1 + r for a, and it will appear 


that the sum^pf n terms of (lie series 


+ 


1 + r, 


=r, &C. is 1 


1 


1 + r 


•4-. 


i 4- rr 


r /XI4^’ 




tiie 


6 



Iretween the ^'allies of Annmt'ies, &c. 2 iQ 


the annual interest, is 


0,5 


0,5 


0,5 


1 +- 1 +- 


,&C. 




And the present value of an annuity certain 
payable half-yearly for ?t years, each pay¬ 
ment to be half tlie \ early payment, is the 
sum of this series continued to 271 terms; or, 
0,5 0,5 ’ 1 1 


r , r 

2 ^' + 2 


r X 1 +- 


r X 1 +, 




By the same steps it will appear, that the 
present value of an annuity certain for n 
years fo be received in quarteidy payments, 
each a quarter of the annual payment is, 


0,25 


-2 

r 


0,i 


I 


r X 1 + 

4 


= 


T' 7“^^^ 

And also, that the present value of an annuity 
certain for n years, to be received in.mo- . 
mently payments, each the same proportional 
part of the yearly payment that the moment is’ 

of the year, must be p - ^ 


x 1 + - 


1000, &c.' 


But, by the binominal theorem 

^ ^ 1000, kc . n 


I + 


1000, &c. 


1000, &C. 7! 


1 + m + -t- 

2x3x”4’ 



2 ^ Theorems for finding the Diff'erenccs 


which series approximates in- 

defirvtelj to the number of which rji is the 
hyperbolic logarithm, by Prob l. Sect. XL 
Vol. II. of Air. Simpson’s Fluxions; or by 
Prop. 1, p. 40 , of his Treatise on Trigono¬ 
metry. Therefore p — —r— 

1 1000, &c. n 


7X1 + 


1000, &c.t 


=• m, as expressed before. See 


p. 23C1. 


If the value of an annuity of .s^l for n 
years is requjr^d payable half-yearly, and 
the half-yearly interest of .s^l instead of be¬ 
ing half the yearly interest (or y,), is sup- 

« _ r " 

posed to be 1 -j- 7 'l 2 — i; the answer will be 

0,5 I 0,5 1 (),5 0,.5 n . 

-r,—;— i"' -i- -=; 2 , ifcc. conti- 

•1 +Pi 1 + 1 +^^ 1^ 


viued to 2 n terms ■ 


1 + ?■ I —< 1 1 + ;■!" X I X ?i! — l 

—which value is 


2xl + r] - 2 

to 1 ——X - «(the value of the same an- 

1 + r)” r '' 

ijuity payable yearly ‘ supposing the» yearly 

interest 
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interest of j8l to be r) as —r— to - . ^ 

1 + »■ I _ 1 

agreeable to Mr. De Moivres deduction in his 
Treatise on Life-annuities, p. 125, 4th edit. 


In the same mangier the value payable quarterly is 


1 




. and the value payablemo- 


4 X i + r 


1 


^ H-r> 1000, &c. X 1+ »1 ToVo> ic, - 1 

Consequently the value of» an annuity certain, payable 
quarterly or momently, is to the same value, payable 

yearly, as-— ^^ or to being the hy- 


4 X 1 ' 


perbolic logarithm of 1 + r). Sqpposing, therefore, the 
interest to be 4 per cent, the value of an aiprflity payable 
yearly must be invanahly, increased in the ratio of 1.0101, 
or 1.0152 or 1.0198G to 1, according as it is payable 
either half-yearly, quarterly, or momently. I'he differ¬ 
ence, however, between tlie values of annuities payable 
yearly and at shorter intervals is known to be continually ’ 
lessening in proportion to the length of the term, till at 
last, when the term is extended to a perpetuity, those* 
values become the same, whether the payments are made 
yearly or momently. But such an equality can never 
take place according to Mr. De Moivre's rules; nay, if the 
term Ire extended only to 70 years, and interest be 6 per 
i.tni. an annuity payable quarterly will l»e worth more 
than even the perpetvity when the payments are made 
yearly. This is so manifestly wrong as to render any 
furtlier argument unnecessary to expose they'alacy of Mr. 
De Aloivra’s method of solution. M. 
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This implying, in the case of annuities j5ay- 
able half-yearly, a smaller interest than half 

the yearly interest (for 1 — l is less than 

gives the difference between their value 

and the value of annuities payable yearly, 

jjreater than the truth. 

<2 


But to return to the investigation of the 
theorems iu the former part of this paper. 


• Let us again call''? the perpetuity, andy 
the value of an annuity certain for r years 
and payable yearly; it is well known that 
th(i value of payable yearly on a life 
whose complement is 7i is (supposing an 

equal decrement of life) -dL—f — -j- 

, n X \ + r rxl+rp 

-j— See. continued to n terms' 
n X I + rV 


1 + r 

nr 


y 


Y. 


In 


See Mr, De Mo!vre\ Treatise on Life-annuities, 
p. 99, 4th edition. Or his Doctrine of Chances, p. Sll, 
4d edition. Or Mr. Dodmi's Mathematical Repository, 
Vol. II. p. 137. Or .^Sim^ison on Annuities and Re¬ 
versions, p. 14. Ill consulting these writers, care should 
be taken to remember, tliat they use r to denote the prin¬ 
cipal and interest of for a year : whereas it h.ath been 
most convcnic*-t I’or nip in tliese observations to make r 
stand only for the interest. In those waiters, therefore, 
r signifies the same with 1 -h r in this paper] and r — 1 the 
same with r. 


It 
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tn like manner,supposing money improved 
at an Tialf-yearly interest equal to half the 

yearly 


It is said above, that the value of au annuity payable 

72—1 ^ 


yearly on a life whose complement is n, is 


72 — 2 ^ 


H X 1 + 71" n X 1 + rf 
This expression is equal to 


n X 1 + >■ 

, &c. continued to n terms. 


?2 X i + r 

» 


+ 


-- 

n X I -f rf 


s / \ ^ 1 

-, &c. (n) -X 




72 X 1 + r 

{?i). But 


+ T:=rT=-TT, 4“ 


1 ^ I H- r' 


?l 


n 

+-+ 


11 


1 + r 


+ 


Tzxl+r KXl + 2-r «X 1 + ri 

1 1 „ . 1 ' 1 


r+71^ 

V ( 




+ 




T» == y> 


l+ri 1+?! ' »'Xl + 2 | 

see p. 248.) Also, by a theorem which will be, demon¬ 
strated in the postscript, and putting a foran^'^^en quan¬ 
tity, — + ~ -f &c. continued to n terms. = —— 

~ X —-—. Therefore, if 1 -K r is 
c" a-ll^ 


a 


n 1 
~ <2—1 


1 


substituted for a, and 32 for- 


1 


—__the sum (mul- 

r X 1 + rr 

j \ .1 2 

riplied by -) of 72 terms of the series- H— — — + 

^ Vi) l+r 1+^1^ 

1 


+ 

1 


3 l + r* 

-T^=rr-r-, &c. will come out- X w- X —. : or 

l + rf »■ 1+71" 

X 7/ + 7/ — Therefore, tlie series x —+ 
nr •''> T 72 1 + r 


1 + ri' 
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yearly interest, or to the value of the same 


ann«ity payable half-yearly, is - X 


K X 1 +■ 




11 — I 


« X 1 4- 


o 


72 X 1 + 


&c. continued to 


n 11 n 

2 rtterms=fi x „xi + -+/ 2 Xi+-'l'+ 

2 '2 2 


&c. continued to 2n terms •—ix,jxi+- + 

i “ 

—4 -&c. continued to 2n 

rl '■ *: 7- 

72X1+-I 72X1+-1 

terms. But the sum of the first of these two 

. \ j n t. n j 

series, or of - x -r &c.(= 7 ; 

*■ 72X1+- 72X1 + -1 • 


_ 4 - - , &c. continued to n terms and sub- 

tracted from the series —i—I- —-=75 + -=75 > &c.con- 
I + r 1 + ) 

tinued to n terms; that is, the value of the life will be 


1+7" , ;■ 1 

y -X 7/ + W — - 

^ nr I' r 


X y 


nr 

y. 


1 

r 


1 + r 


nr 


Xij=P- 


1 

nr 


X 
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X—- + —izr-,, &c.) is h, see p. 249, &c. 
^+5’ ^+11 

And the sum of the second scries is the same 

with half the sum of the series — X 

2« 

— 4 - =£:-—H nr=~7, &c. ( 2 ??). But bv thc 
1 + 1 1 + 4 ^ 147 ] 

theorem mentioned in the last not'e, the siyu. 
of n terms of the series ' 4- — 4- A, &c. Is 

a n I A fi m r 

—~ — --r X-r-; X Therefore, 

«_ 11’ a" a - I fl“ o^TiP 

if 1 + ^ IS substituted for a,^2n for n, and 
hfoT^ -the sum of the^_^ 3 seond 

r^l+rl 


series (that is, of ^ X X -{- = 4 r 

^+o 1+ri 

2 2 * 


•, &c. (2?j) will come out i + l+/«- 


or —X li + h -. There¬ 


fore, 
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fore, the second series subtracted from the first, 
1+1 ‘+1 

leaVfes -^ X h — V - — ^ X A = n, 

agreeably to the second theorem in p. 343. 
By reasoning in the same way it may be 

' ^ +1 

easily found, that q = r- - x <7; and 


M = p-^X m = P - agree- 

t 

ably to the third and fourth theorems in 
p. 2-13. 

'lliese theorems, I have said, suppose that 
an annuitant if entitled to no payment for 
that }ear, half-year, or quarter, in which 
he •dies. If, oil,, the contrary', he is to be 
cntitlefrVyhen he dies, to such a part of the 
j'early, half-yearly, or qf.iarterly' payment as 
shall bear the same proportion to the said 
payments respectively, as the intermediate 
time between the last payment and his 
death bears to the whole year, half-year, 
or quarter; in this qase, supposing.the an¬ 
nuity payable yearly, it is evident, since 
there is the same chance for his dying 
in one half of hny year as in the other, 
that he will have an expectation of half a 
year’s payment ftiore than he would be 
otherwise entitled to. But the value of 
half to be paid at the death of a person 

whose 
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whose complement of life is n, is i >c • 


n X 1 + r 


.1 1 .1 
+ 5 ^ + 2 X 


n X 


r+;i’ 


&:c. 


Continued to n terms (**) =;=: 

' ' $.n 

In Idte manner, a person who enjoys aaa 
annuity secured hj land, payable half-yearly^ 
will have an expectation of a quarter of a 
3 ear’s payment more than he could be otlier- 
wise entitled to,- the value of whichb_ic- 




— -f =i- 
^+I 

2 o 


+ 




6 ic. conanued 


to 2 « terms = —. By the same reasoning it 


will appear, that is the addition to be 

made to the value of an •annuitw.pityk'Ble 
quarterly, in Drd 3 j;;^to obtain its when 
secured by land. 


IN the note, p. 248, the expression 
— — X ts given as fhe sum of n teritiSi 
of the series ~ -f- 4 + A" 4- tSei -4^; 

and the expression X ^ ~ 4* 


vot.. I. 


See page 248, See. 


X 
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X is given, in p. 253, as the siim^of n 
terms of the series ^ + 4 + 4 &c, 

^ a ‘ (X* * fl* ' a*' 


The following investigation of these theo¬ 
rems being verj easy, will not, perhaps, be 
unacceptable to those who have studied this 
subject. 


Put a=:-+4+-t + 4» •4- B = 

a T a** f’ a'" 

Then A X a = 1 + j t;? + i- 


and A X 


1 -f — ' 4- 

* rt'* /T » n* » 


a* 


, &;c. to 


a-A (=: A x^n'- 1) = 1 - 
Therefore, a s= — 4 X » which is 

a — l a* 'a—I 

the first theorem. 



Again, AXfl=l + ^+ i+ ~,&c.to^^, 
and B X <z s= 1 -{-‘’I + &c. to 

* 1 2 3 

Therefore, BX«~AXa:=-4---f 


To 
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T'o both sides of the last equation add ~, 

and it will appear, that , 

, n 1 , 2 , 3 , 4 JJ 
BX<2-AXa + ^ = - + ^ + ^4;^>&c. 

•> 

, n — l , n 
to -—- 4- — = B. 

a" — 1 < B* 


Therefore, b x « — e=b Xfl — l=AXa— 

n j Ax a n 

and b =-s -r— 

«" a — l c’ + — « 

* 

For A, in this last equation, gubstitutfe its 
equal, or x'^—, and the resulting 

equation will be - Jit .J- - i x 
= B, which is th|£ second theorem^ 


a — 1 


When n is iiTR^ite, all but The first 
terms in both these theorems vanish; and 


therefore. 


a — I 


is the sum of the series 


~ + &c. continued infinitely; and 

is the sum of the series - + 4 -f 
continued infinitely. 

By a like deduction, putting 

c = 1 + £4^+ + &cTo 

a * a* * fl* b" ^ 

s 2 and 
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and D = i 

a * ii* * *a^ 


to it may be found that c = 
A + Sb + 3r + I 


TC 

-4 

a" 

n+ l 1 - 


, and t> = 




a’* 4" * ^ <2 ■" 1 ^ — (j** 

And consequently, substituting the values of 
A and B, that 


1 2a?i 1 

^ 7^ a' ^ 0 ^* 


a^ +a 7r 
a- 
1 


+ a 

a’ 


n-^ l'* 


And substituting the; values of a, b, c, that 


a’ + 4a® + a n- 


Sa?i® 




Sa'n 4- Saw 1 


a’ + 4(7® + a 1 

O'-- 


since the first tef^§ in .these expres- 

siotts vanish vvhen n is if^nfrite, fhtat the sum 
i 4 S o 

of the series - + r + ^ » continued in¬ 
finitely is the sum of the 

series - -f 4 + a* + continued infinite- 
<2 * a* * ** * a* 

t • a^ X 4a® + a 

lyiS-=^^. 


These ^re all the theoi'ems iie6essary for 
calculating the Values df annuities on single 
lives, and on any two Or three joint lives, 

upon 
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up 9 n the hypothesis of an equal decrement 
of life. 

Supposing r the interest of Ai 1 for a year, 
the sum of n terms of the aeries — 4- ——- 

l + r ^ 

&c. is the present value of an an¬ 


nuity certain for it years; and 


1 

r+7 



+ 


4 - (continued to n terms) is the 

i + rl’ 1+71* 

present value of an annuity certain begipniag 
w^ith and increasing to £2 the second 
year, to ^3 the third year, i&c. 

If this last annuity is not an annuity cer¬ 
tain for a given term, tpt life-annuity, 
the value of it (supposing n the complement 
of the life, a the value of an annuity cegt g^ 
for n years, g the value of two ^uSfjoint 
lives whose corn'I^on complemwit is n, p 
the perpetuity, and p the value of ^1 to be 

received at the end of n years) will be a^— g 
X n-\- npv — AP X 1 4- r. 


EXAMPLES. 

hct the term he forty-onctyears, and the rate 
of interest 4 per cent. 

The value of an annuity of certain 
for this term is ^20. 


The 
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^The value of an annuity certain for the 
same term, and beginning with at the 
end of the first year, but increasing to ^2 
at the end of the second year, to sBs at the 
end of the third year, and so on till it be¬ 
comes .3^41 at the end of the forty-first year, 
is (by the Second Theorem, putting 1 + r, 
or 1.04 for a) s8si4 ... lOs. 

The value of an annuity increasing at this 
rate without end is j£65o. 

^, If the Annuity is a life-annuity which is 
to increase at the (rate of every year 
durirtg the whole possible continuance of a 
life whose complement is forty-one years (or 
whose age, according to Table VI. in the 
next volume, is forty-five), the present value 
of it will bd, b/ the last theorem, ^135. 
^ut a much simpler rule for finding the 
annuities of this sort will be given 
in the*flowing notes. See Note I; and 
also Mr. Morgan on Assi^rances, p. 119 . 
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THE first four Tables in the next volume 
furnish with the,means of determining easily 
the values and amounts of sums and annui¬ 
ties for the most common half-ytdiTly as well 
as yearly rates df interest; Mn SMART^.-ia, 
his very useful and comprehensive Tables, 
having given the /ia^-yearly valueS and 
amounts improperly.^ 

It is very obvious, that the amount at any 
given yearly interest of any given annuity 
payable half-ye^xXy, is the same with the 
amount of half that annuity at half theiriF- 
terest, and payable a double numbe’*- is^tf!n^. 
The amount, fo/sostance, at 4 per cc)it. of an 
annuity of < 3^10 payable for 30 years, 

is, by Table IV. d. 56o.84Q. 

If it is payable lialf-yeaTly, its amount will' 
be the same with the amount at 2 per cent. 
of an annuity of £5 payable for Qo years, 
which, by the same Table, is £ 570 . 257 . 

-In like manner; the amount at 5 per 

cent, of an annuity of £50 for 40 years, 
payable half-yesLrly, is the same with the 
amount at 2-^ per cent, of an annuity of 
£25 for 80 years, which appears to be 
^ 6209 . 567 . The amount at 5 per cent. 

of 
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of’ the same annuity payable yearly, appears 
to be ^6039.988. 

Farther. The amount of ^]o princi¬ 
pal j\ut out to yearly interest at 4 per cent. 
and forborne for 30 years, is (by 1 able III.) 
.£32.433. But if it is put out to 4 j)er cent. 
i^a^yearly interest, its amoui^ will be the 
same with file amount of the same prin- 
cipalj, bearing half the interest in double the 
time; that is, it will, in the present instanee, 
b^the samowith the amount of £10, bear¬ 
ing ‘2 pet cent, interest in 60 years, which, 
by the» Table Jast mentioned, appears to be 
£32.810. 

These amounts can be thus determined 
from these Tables only, w^hen the term for 
which they are wanted does not exceed 50 
^ears, or 10O halfycsirs. 
vafecSM^kr to find them for any longer 
term, niethoci.prust be taken : 

“ If the amount requi:fed is the amount 
“ not of j an annuity, but of a sum find first 
“ the half-yearly amount for 50 years; alter 
which find the half-yearly amount of that 
■ amount for the reipainder of the term, and 
“ this last will be the amount desired.” 


\ 

EXAMPLE. 

Let the amount be required, at 4 per cent. 
of £10 in ,80 years, supposing the iuterest 
payable half-yearly. 

Ans, 
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Am. Hie amount in 50 years, ‘ deter¬ 
mined in the manner just described, is ‘ 
72.446; and the amount of 72.446 in 3 o 
years, determined in the same way, is 
237.676, which is the amount required. 

This amount, supposing the interest pay- 
a ble yearly, is ^£2 3 0. o 4 Q. 

But if the amount required is the amount 
of an annuity improved at any given rate 
of compound interest payable /za^yearly, 
it will be necessary, after findin*g the 
which is the amount tor 50 years^ to tipd 
the yearly interest that sum w^ carry ht the 
given rate; and the ayiount for the remainder 
of the term, of this interest increased by the 
annuity, added to the amount for 50 years, 
will be the amount required. 


fS|AMPLE. 

Let the amount be required, at 4 per cent 
of sB 10 per ann. in 80 years, supposing the 
annuity payable half~yo’dv\y. 

Ans. The amount in 5 o years (being the 
same with trie amount of £5 per ann. in 
too year?, at 2 per cent.) is, by Table IV. 
.^1561.116,-^I’he •yearly interest of 

1 56). 11 6, at 4 per cent, is 3B62.446, which 
increased by ^10 makes dB72.446-, and the 
amount of £72,446 per ann. pd^able half- 
yearly in 30 years (or of t£36.22'd in 60 
half ye^rs) is ^£’4620.96, which added to 

^T56uii6. 
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^4561.1 lO, makes ^6182.076 the amount 
required. 

This amount, supposing the annuity pay- 
able^yearly, is c£ 5 g 82 . 665 . 

N. B. These amounts for any given term 
and rate of interest are the same with the 
debts bearing that interest, which will be 
gradually sunk in that term'^by any given an¬ 
nuity appropriated to the redemption of the 
debt.—It appears, therefore, from the last 
TAuinple^ that a sinking fund of a million 
per a/pi. never diverted would pay off in 82 
years, a public debt of 598 millions, bearing 
4 per cent, interest, suf>posing it applied to 
that purpose yearly, but that if applied half- 
yearly, it would, pay olf, in the same time, 
a debt of 618 millions. 

^j %!«D» i^ampleS shew the method of flnd- 
ing, by th^b'^veraentioned^ables, the values 
at any rate of interest of annuities payable for 
any given terms, supposing them payable 
^ff/Z’-yearly; and likewise the values of any 
sums payable at the end of any terms, sup¬ 
posing a half-ye.dir\y instead of a yearly dis¬ 
count allowed. But in such cases, these 
Tables w ill be of no use, if the terms ex¬ 
ceed 50 years, or^ lOO ^a//^years; and it 
will be necessary to have recourse to the 
theorems at the beginning of the preceding 
chapter, by whiqh, with the help of lo¬ 
garithms, it is easy, in all cases, to compute 
the difference between the values of annui¬ 
ties 
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tie^ (including /i/c-annuitics) as they are 
payable yearly, half-yearly, or quarterly. 

With respect to life-annuities, it ma}^ be 
proper to observe here particularly, that 
their values deduced from the complemeuts, 
that is, from twice the expectations according 
to any given tabje of mortality (by the rules 
in p. 221 , and p, 223 ), and payable half- 
yearly or quarterly, is the same with the 
values of half or a quarter th'e annuifiqs.- 
at half or a quarter the* yearly interest, 
duced (by the same rules) f^m doilble or 
quadruple the compjements and that the 
difference between the yearly values and 
these half-yexr\y or quarterly values added 
to the true yearly values according to the 
same table of mortality, will give, with alrno^r 
perfect correctness, the^^/jf of ^-yearly %f:^ip^ar~ 
terly values accan^hig to that tabie. 


EXAMPLE. 

Let the different values be required of an 
annuity on a single life aged 50 , according as 
it is payable half-yexTly .or quarterly, reckon¬ 
ing interest at 4 per cent, and the probabi¬ 
lities of the duration of life, as they are in 
Table XL 7 . Yol. II. 

Ans. The complement (tjiat is,« twice the 
expectation) by Table XLV. of a life aged 5 o 

is 36.92.-The value of an annuity pay- 

, able 
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a^le yearly on a life at this age deduced at 
4 per cent, from this complement, is by the 
rule in p. 221 , 1 1 . 533 .-^The value de¬ 

duct from doublethis complement (that is,of 
a life whose complement is supposed 73 . 84 ) 
at 2 per cent, is 23 . 466 ', the half of which 

is 

* In computing in this case, by the rule here re¬ 
ferred to, it IS necessary to find the value at 2 per cent. 

an annuity certain payable for 73.84 years. This 
valiitl (by the First Theorem in the preceding Chapter) 

ijs 50 -By logarithms it is easy to find 

.02 X 1.021 

that is 4.3154; anS, consequently, that this 

expression is .38.416, which multiplied, according to the 
rule in p. 221, by 51 (the perpetuity increased by unity), 
and the product divided by 73.84 will give 36.533, whicli 
quotient subtracted from 50, (the perpetuity) leaves 

value, by the same theorem, at 
1 per cenf. of'an annuity certain ffF. a number of years 
<'qual to four times the complement (that is, to 147.68 

years) is 100--i- ,,7 esjwhich is equal to 76.904; 

.01 X I.OU 

and flic product of 7C-904 into 101, divided by 147-68, 
gives 52.654, which, subtracted liom 100, leaves 47.345, 
the quarter of which is 11.836. 

It is necessary to add here, tliat in computing the 
yearly value of any life-annuity from the ciypcctation by 
tlic rule in p. 221, the value of an annuity certain for a 
number of years equal to twice the expectation (or the 
complement) may he always taken from Table II. Vol. II. 
when the complement is any wUe number of years; and 
also, that when it is not any whole number of years, it 
may be taken^ for the<'ico;respondent arithmetical mean 
between the two nearest yearly values in tlie Table. 
Thus ; in the example given above, the value »at 4 per 
cent, of an annuity certain for 36 years, by Table II. 
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Ig IJ.733.-The ditFerence is .200. ' Afid 

this difference, added to 11.6.S8 (the true 
value bj Table XLVII. of an annuity payable 
yearly on the supposed life), makes 1 1 . 858 ; 
which is the true value of the annuity payable 
half-y early. 

The value of the same annuity deduced 
(by the rule in 221 ) from quadruple the 
complement at l per cent .; that is, the value 
at 1 per cent, of *a life whose complement 
is supposed to be 147.68 years,* is 47.^. 
the quarter of which iji 11 . 836 . 'Tli^ dif¬ 
ference between this value a;ifd 11.^33 is 
. 303 , which added as^iefore to 11 . 658 , makes 
11.961, the true value of the annuity pay¬ 
able quarterly. 

In the same way the values are to be com¬ 
puted (by the second rule in p. 223 ) of an; 
nuities payable half-yearlt or quarterifon 
any two joint li^s/ " 

If the annuity Is a life-annuitysecured 

on 


Is 18.908. The value for 37 years is 19,142. Tiie» 
difference is .234; and this difference multiplied by .92 
(the fractional part of the complement) and added to the 
least of these two values, gives 19.123 lor the value of an 
annuity certain for 30.92 years. 

The exact value by the fh'st Theorem is 25 •— 

-——, which is equal to 19.123, and the same 

tvith the former value. 

^ It ,sln)uld be remembered, that all the values of life- 
annuities ill the Tables in the next volume suppose that, 

when 
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on land, the value is to be computed by 4 :he 

(directions in the preceding chapter.-- 

If such an annuity is payable ^a^yearly, as 
is mbst common, its value, in the present 
instance, will be 11.858 (the half-yearly 
value just determined) increased by the quo¬ 
tient of l9.2ot) (the value of an annuity cer¬ 
tain and payable ^a^yearlyrfor a number of 
half years^ equal to four times the expectation 
or twice the complement i l;hat is, 73 . 84 ) di- 
atided hyfour times the complement. This 
quotient‘Is . 130 ; arid the value, therefore, 
is il.^8(). 

The followipg comparison will shew, in 
some measure, what additions should be 
made, at all ages, to the yearly values of life- 
annuities, on account of these different modes 


><iL^yment. 


when the annuitant dies, nothing pn be claimed for the 
time that has past since the last payment became due. 
If a payment proportioned to that time may be claimed ; 
that is, if the annuity is payable to the last moment of life, 
it is called an annuity secured on land. 


TABLE 
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TABLE 

Shewing the Additions to the Values of Life- 
Annuities on account of their being pay¬ 
able half-yearly, or quarterly, or half-yearly 
and secured on Land. 


Interest 4 per cent. 



Yearly 
value by 
Table 
XLVII. 

Half, 
yearly ya- 
Jue. 

lixcess 

a^ove 

yearly 

value. 

Quarterly 

value. 

above 

yearly 

value. 

Value bccu- 
red by lane 
and payable 
half-yearly^ 

Lxce'is 
above 
> early 
value. 

10 

1«.891 

I9.OI8 

.127 

19.089 

.198 

19.085 

• 194 

20 

17.603 

17.746 

.143 

17.819 

.216 

1^24 


30 

i6.oo6{i6.i68 

.162 

16.249 

.243 

^ 1.6.254 

.258 

40 

14.034 

14.2i6 

.182 

14.307 

.17'J' 

14.32^ 

.290 

30 

11.658 

11.858 

.200 

>1.961 

.306) 

11.989 

.331 

60 

8.789 

9.014 

.225 

9.119 

.330 

9.170 

.381 

70 

5.783 

6.019 

.236 

6.136 

.353 

6.204 

.421 

75 

4.534 

4.770 

.236 

4.892 

. 35 S 

4.967L433 , 



Interest 

5 per cent. 



Ape 



1 



1 

6 

10 

16.169 

16.278 

■M^9. 

16.331 

.162 

j 6.3621. 103 

20 

15.260 

15.383 

■ m \ 

15.445 

.183 

15.4471.187 ' 

35 

14.080 

14.223 

.1431 

14.293 

.213 

14 . 299 I 

.219 

40 

12.558 

12.720 

.162 

12.801 

.243 

12.8121.254, 

50 

10.634 

10.820 

.186i 

10.914 

.280 

10.9331.209 

60 

8.184 

8.403 

•219| 

8.498 

.314 

8.544|.36o 

70 

5.494 

5.719 

.225' 

5.835 

.341 

(■ 5.891| 

.397 

75 

4.345 

4,575 

.230! 

4.692 

.347 

4.762! 

• 417 


These excesses are tha same from what¬ 
ever tables of mortality the yearly values are 
deduced.——^They are also nearly the same 
tsupposing equal yearly values) \\ihether the 
yearly values are the values of single, or of 
joint.Ih’ts, or of any number of lives. 

CH.\PTJER 
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CHAPTER VI. 


Of Public Credit, and the National 
Debt. 

The National Debt is a subject in Tv'^iiich 
the :jrubi'io is deeplj interested. Some ob¬ 
servations.. b^ve occurred to me upon it, 
which I think import^^nt; and for this rea¬ 
son, though foreign to my chief purpose in 
this work, 1 shall beg leave to offer them to 
public attention. 

The ^^ractice of raising the necessary sup¬ 
plies for every national servffce, by borrowing 
money on interest, to bd eontinued till the 
prineipal is discharged, must be in the high- 
^est degree detrimental to a kingdom, unless 
plan is settled for putting its debts into 
a regular and certain course of payment. 
When this is not done, a kingdom, by such 
a practice, obliges itself to return for every 
sum it borroves infinitely greater sums; and, 
for the sake of a present advantage, subjex^ts 
itself to a burden which must be always 
growing heavier and heavier, till it becomes' 
insupportable. 

Tills seems to be. now the very Itate of 

1 * this 
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this •nation. At the Revolution, an lera 
in other respects truly glorious, the practice 
1 have mentioned begun. Ever since, ^the 
public debt has been increasing fast, and 
every new war has added much more to it 
than was taken from it during the preceding 
period of peace. In the year 1700, it wais 
16 millions. In J 715 , it was 55 millions. 
A peace, which continued till 17-^0, sunk 
it to^ 4 (j millions ;^ut the succeeding war 
increased it to 7^ millions; and 
peace sunk it no lower than 7^5 millyanst 
In the last war it rose to 1 iG^iillions and 
a half During a pdtice whidi has lasted 
now 10 years, it has been reduced to 138 
millions: and at a sum not much less 
than this, it will, perhaps, be found at the 
commencement of another war, ^hich may 
possibly raise it to 200 millions s.-^-One 
cannot reflect on tips without terror.—INo 
resources can be sufficient to support a king¬ 
dom long in such a course. ’Ids obvious, 
that the consequence of accumulating debts 

^ It sliould be remembered that ti.is was wiltu-n in 
1773 .—In 1774 and 1775, two millions of the capital of 
the 3 per cent, annuities were paid oH, which redi.ccd the 
capital of the public debt to 13(i millions ; and at iliis sum, 
nearly, (supposing the long annuij;y then worth C/ years 
purchase) it stood at the beginning of tire Amcru an war.(*) 

{*) The additions which have been made to tlie public 
debt by the American, and the late war, together with its 
"'triple amountat the begmnwg of the present '»ar in 1802, 
may be learnt from the accoimt at the end of this Chapter. 
What the atpount may Iteat the cdnclnsion of this w:ir it is 
neither easy nor agreeable to conjecture, I\I. 

VOL. ;. T .so 
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so rapidly, and of mortgaging posterity, and 
funding for eternity, ki order to pay the 
interest of them, must, in the end, prove 
destructive. Rather than go on in this way, 
it is absolutely necessary, that no money 
should be borrowed, except on annxiities, 
which are to terminate within a given pe¬ 
riod, Were this practised, there would be 
a LIMIT beyond which t^he national debts 
could not increase; and time would dQ,that 
for the public, which, if trusted 
to thp economy or the conductors of its 
affairs might ‘possibly never be done. 

This, ther^ore, is ohe of the proposals to 
which on this occasion, I wish I could en¬ 
gage attention. I am sensible, indeed, that 
the present) burdens of the state would, in 
'>i»6 case, be increased, in consequence of 
the greater present interest which would be 
necessary to be given fog money: but I do 
not consider this as an objection of any 
weight. For let the annuity be an annuity 
for 100 years. Such an annuity is, to the 
present views of men, nearly, the same w ith 
an annuity for ever; and it is also nearly the 
same in calculation, its value at 4 per cent. 
being 24 ^ years purchase, and therefore only 
half a year’s purchase less than the value of 
ti perpetuity. Supposing, therefore, the pub¬ 
lic able to borrow money at 4 ffcr cent, on 
annuities for evd*, it ought not to give above 
Is. id. per cent, more for money borrowed 
on annuities for loo years: But should it-be 

obliged 
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obliged td give a quarter, or even a half per 
tent, more^ tlie additional burdens derived 
from hence, would not be such as could be 
very sensibly felt; and the advantages arising 
from the necessary aninhilation of the public 
debts by time, would abundantly overbalance 
them. 

These advantages would be, indeed, un-' 
spcakably great. such a method of raising 
moitr:^', the experlce of one war*would,«ii> 
time, come to be alwa }^5 diseharg*^ b’e^.dT 
a new war commenced; and,it woufd be 
impossible that a state, should cyer have upon 
it, at any one time, the expence of many 
wars; or any larger debts than could be con¬ 
tracted wiftiin the limited period of the an¬ 
nuities; and consequently, it would enjoy tlje 
invaluable privilege of being rendered, in some 
degree, independent of the management of its 
finances by ignoranror unfaithful serv;ints. 

r must add, that it is by no means neces¬ 
sary, that the limited period of the anmiitir? 
should be so long as 1 have mentioned, or 


Tlie annuities miglit be kept 18 years without being 
mncH diminished in value; lor, supposing interest at 4 
per cent, an annuity for 82 years, jis, within a 49th 
part, or £'2 in worth as nnieh as* an annuity for 
100 years. 

Perhaps, in this way of raising money, it might be best 
to^odcr a Higher interest at lirst, wldch should bill to a 
lower, at tlie end of given intervals. *Tlius, ttiough 4i foi 
100 years is equal in value to 5 per amt. for 17 years, and 
after that 4 •per cent, for 83 years, yet the latter might ap¬ 
pear more inviting. 

T 2 
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,100 years; and that, at any time before' the 
expiration of this period, the public might 
employ any surplus monies, in extinguishing 
part of the annuities, by purchasing them for 
itself at the market price; and thus it might 
aid the operations of time, and keep its debts 
within any bounds that its interest rendered 
^ necessary. Our government has, I know, in 
some instances adopted fhe plan now pro¬ 
posed ; but it is to be wished that, instead of 
^e<Ta{;tiftg ‘ it, as w'as once done, it had been 
carried much further. 

I am, however, far from intending to re¬ 
commend tKs plan as the best a state can 
pursue. There is another method of gaining 
the same end, which is, on many accounts 
preferable to it. I mean, “ by providing an 
‘'^annual saving, to be applied invariably, 
“ together with the interest of all the sums 
“ redeemed by it, to the purpose of dis- 

charging the public debts: Or, in other 

words, by the establishment of a permanent 

“ SINKING FUND.” 

It is well known, that this plan has been 
also adopted by our government; but, though 
capable of producing the greatest effects in 
the easiest and surest manner, it has never 
been carried into "execution. It will abund- 


■ In the year 1720, the nation was put to the expence, 
of above th?ee miliibns, in order to reduce several long 
and short annuities then subsisting to redeemable per¬ 
petuities. 

antly 
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antly appear, from what follows, that thi^ 
observation is just. 

t 

Suppose the annual sa\ing to be ^ 1 00,000; 
This sum, applied noiv to discharge an equal 
debt, bearing interest at A per cent, will trans¬ 
fer to the public, from its creditors, an an¬ 
nuity of .^4000. * The annual saving, there-f 
fore, would be increased to .^104,000; and 
fhi^H^aving would .transfer to the public ano¬ 
ther annuity of ,^4,itio„and makejl^ s&tSpg 
at the beginning of the 2 d ^''ear, to be 
.^ 108 , 160 .—Thus, the original fund would 
go on increasing, at the same rafe with money 
improved at 4 per cent, compound interest.— 
At the beginning of the 3d year it would be 
^ 11 2,4 8 (j, At the beginning of the 18 th year, 
c£.202,5S\. Of the 36 th year, ^410,393, 
and of the 95 th year, ^4,151,13 8.-^ln Q4 
years, then, the nation might be eased of 
above 4 millions per annum in taxes; and 
above loo millions of its debts would be 
discliarged, gradually and insensibly, at' no 
greater expcnce than ^100,000 per annum', 
and without interfering with any of the re¬ 
sources of government; or making any other 
difference, than causingy««nfi|to be engaged 
for a course of time to Ihe public, which 
would have been otherwise necessarily en- 
gageti to its creditors, and which, therefore, 
must have been entirely useless to It. 

It is aij observation that deserves particular 
attention here, that on this plan, it will be 

of 
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of less importance to a state what interest it 
is obliged to give for money: For the higher 
the interest, the sooner will such a fund pay¬ 
off the pi incipal. Thus; a hundred millions 
borrowed at 8 per cent, and bearing an an¬ 
nual interest of eight millions, would be paid 
off by a fund, producing annually 1 00,000 
^in f)6 years ; that is, in £8 years less time 
than if the same money ^lad been borrowed 
at 4 per cejit, 


‘ is h^e said, simposes the same /und applied 

to the dischatge of debts bearing different interests. If 
different funds a^e applied, to one another the 

same proportion with the interests of the debts which 
they are to dlsljarge, the benefit deri\x*d from Iwrrow- 
ing on lower rathpr than higher interests, will he redueed 
to almost nothing j for the disbursements of the public on 
account of all equal loans, will, in this case, be nearly 
the same. 

The fgllowing example will explain and demonstrate 
this: 

Let a million be borr<i»ved at*!l per cent, and let a fund 
he charged with it, bringing in dx shillings per cent, per ann. 
more than the interest; or i^'.13,000 instead of .st:30,000 
per as,in. Thij" surplu';, unaliemihj applied, togetlier with 
all the interests disengaged by jt, wi|t annihilate tlie prin¬ 
cipal in 81 years, as may be gathered from Table IV. in 
the next volume. iV^d the disbursements, on account 
of the loan, will be 81 multiplied by .i^33,000; that is, 
^ 2 , 073 , 000 . IjCtjqs suppose again, a million borrowed 
at 6 px.-r cent, andflet^a fund be charged with it, jiro- 
ducing a surplus of ttvelve skillings per cent, per ann.-, s\icl( 
a fund, besides paying the interest, will discharge the 
principal in Al years; and the disbursements, on account 
of the loan, ^will he .£^66,000 multiplied by 41 ; that h- 
,^ 2 , 700 , 000 , or nearly the same with tlie disbursements 
on account of an equal loan at 3 per cent. 


Jt 
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It follows from hence, that reductions of 
Mjtcrest would on this plan, be no great ad¬ 
vantage to a state. They would, indeed, 
lighten its present burdens; but this advan¬ 
tage would be, in some measure, balanced 
by the addition which would be made to its 
futurehm^em, in consequence of the-longer 
time during which it would be r^cessary tp- 
bear them.—I mean this on the supposition, 
'itliaLthe savings produced by reductions of 
interest-, are immediately applied tp.'M;be^re- 
iief of the state, by anhihilating''faxes^equi- 
valent to them. But if that is* not the case; 
and if, likewise, there is eitlie? no plan esta¬ 
blished for putting the public debts into a 
certain course of payment, or it is not faith¬ 
fully curried into execution; in these circum¬ 
stances, reductions of intgrest may prove 
hurtful. For, first. They would ouly fur¬ 
nish funds for contracting further'debts, and 
with more money for supplying the defi¬ 
ciencies arising from profusion and bad ma¬ 
nagement. And, secondly. As, in such* cir¬ 
cumstances, they would only retard, and not 
prevent the increase of the burdens occasion¬ 
ed by the public debts, a period would 
come when the affairs of the state would 
get near to a crisis ; and at such a period, its 
danger would be increased, in proportion to 
the reductions of interest that had been made. 

In order to understand this; let^s suppose 
that a debt, bearing an annual interest of five 
millions^ is the whole debt, which a state 
can bear without being so myach oppressed as 

to 



^BO Of Public'Credit, 

to be near sinking. Let it, however, be ‘sup¬ 
posed to have still some last resources left, 
which may enable it to bear, for 33 years to 
come, this load, together with every addi¬ 
tional load, which, during this time, may be 
necessary to be thrown upon it.—Let it fur¬ 
ther be supposed, that at this time, the state 
• urged by the fear of an approaching bank¬ 
ruptcy, resolves upon entering into some 
effectual measure for preserving itselfi,ii— — 
CtOMi ?tJ,tis, that in such circumstances, no 
measure 50 effectual can be pursued, as the 
establishment sinh'nigjund, and such a 
faithful application of it as 1 have explained. 
]xt that then be the measure entered upon ; 
and let the state be supposed capable ol pro¬ 
viding a fund, producing a million annually. 
If all the debts, bear interest at 6 per (mi. 
this fond would payoff three-fifths ol'them, 
within the'time I have ij,ientioned; or, in 23 
years; and the state might be saved. But 
if, in consequence of reductions, they bear 
interest at no more than 3 per cent, the same 
fund would not give the same relief, in less 
than double that time; and therefore, a bank¬ 
ruptcy might prove unavoidable’. 

I wish 1 coujid think, that there is nothing 
in this representation, that can be applied to 
the present state of this nation. The interest 
of the public debts has been reduced, at dif- 

' It should not be forgptten, that the operation of such 
a scheme would raise the 3 per cent, debts nearly to par, 
and render the disi harge of them at a discount impracti- 
cablet 

ferent 
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ferent periods, from 6 to 5, from 5 to 4, and 
from 4 to 3 per cent. ; but still they have 
grown with rapidity; and we Jiow see^our- 
selves overloaded, and in no way of gain¬ 
ing relief Had there been no reductions of 
interest, we should, indeed, have been in the 


same condition sooner; but, we niiglit have 
been relieved al^o sooner, and with less dif; 
hculty and dange^ 

short. Redactions of interest are ad- 
vanta^ous chietly whep made ttr'^tn^a^^r 
ditions to such a sinking fund a^J lia^ e de¬ 
scribed.—When made with other views, they 
are only palliaiivcs, ^ h\c\\ fwh present relief 
by increasing danger; or expedients 

wh'wh postpone a public bankruptcy, by ren¬ 
dering it a calamity more unavoidable and 
dreadful. As managed thorefore among us, 
they have been ihdeed the elfects. of too 
narrow a policy, ,*ind deserve none of the 
encomiums which have been bestowed upon 
them. The preceding observations prove 
this sufficiently; but there is one farther 
proof of it which I cannot help mentioning. 
Suppose .s^'JOOfOOO per annum to have been 


gained in l/lb, by the reduction which was 
then made of the 6 per cent\ to 5 per cents.; 
or, in other words, by saving 1 per cent, per 
atinum on a capital of 2o millions. This 
saving, in consequence of being applied un¬ 
alienably in the manner Phave Represented, 
to the payment of the public debts, would, 
in 37 years, have dischajfged a debt of 
^20,325,000, bearing 5 per cent, interest. 

Riif 
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But if applied every year to current services, 
in order to avoid levying new taxes,, the bene¬ 
fit derived from it in the same period would 
be <57 times ^200,000, or ,^7,400,000.; 
but at tlie same time, a debt would have 
been continued of 2o millions, which must 
have been otherwise paid. The e^Sfect, there¬ 
fore, in this case, of the feduction, would 
be to prevent an incumbrance on the public 
of .^'2oo,Q0O per cum. b 3 ’'^leaving upon ft 
incunat-fince of a milEon per &nn. r-Ciidered 
more^ difiiLalt and unlikely titan ever to be 
removed’" 

But 


There is an inoonvonience arising froja reductions of 
interest, which I did not attend to wiien this Chapter was 
composed, but which k greater than any liere mentioned. 
They have given rise,to the extravagant douceurs or pre¬ 
miums which have l)ccn annexed to our public loans, by 
causing tfie leitders of money to consider whatever interest 
could be oflfered aix)ve 3 per cent, as no more tlian a short 
annuity.—Had tiiere been no reduclicm of interest be¬ 
fore the war wliich begun in 1755 , tlie price of theyb//r 
per emit- stocks would have been during the wliole war 
either ahomep^x or not much below it, and government 
might have borrowed at this or a lower interest without 
premiums. But the reduction which had just taken i)iace 
of 56 millions to an interest of 3 per cent, made it una¬ 
voidable for moniedi men to consider this stock as only a 
3 per (xmt. «tock wi^ per an?i. added till peace was 
established; and this made it necessary for government, 
tdther to promise interest extravagantly high, or to offer 
long, or short, or life-annuities, or additional capitals, as 
rewards for lea^ng money at 3 per cent, ’llie last me- 
liiod has conkantiy Heen adq}ted; and in consequence 
of it, the public has been put to an enormous expence, 
which the avoiding of reductions and a little management 
would have rendered\p>tirely unnecessary. 

4 Imv* endeavouTed to expLun fhis in the second Tract 

on 



and*the Natmial Debt. 


28 S 


I>iit to return to the subject I have princi- 
paJly in view; 

AVliatl have said impiics, that a state al¬ 
ways discharges its debts, whatever interest 
they bear, by I)aying the original sum bor¬ 
rowed. It may, pei'haps, be imagined, that 
when a loan is under par, it may be discharg¬ 
ed at a less expence. But this is by no means 
so practicable as it may seem; for it should’ 
'»^considered, thiA a public loan,^now under 
par, A^uld not long keep so, after fxjiijgiput 
into a course of payment: And fcr Ibis rea¬ 
son, as a state can never be obliged, m re¬ 
deeming its debts, to*pay than the ori¬ 
ginal sum borrowed, so neither ought it to 

on Civil Liberty. Part II. Sect. III. and particularly in 
the Supplement to that Tract, where regulations are 
proposed fiir raising the value of %tocks bearing higher 
interest than rf per cenl. id order to avoid the necessity 
of offering high prern'mms and creating ariificiaf debts.— 
'J'he follow iiig example w^l shew what occasion there is 
for some buch regulations.——Tire 3 per cent, stocks \\ ere 
(Oct. :2.Jtii, 17^1)) at 55|; and the price of the 4 per 
cent, stocks, wdiicli, in order to bear a propoitkiriable 
price, oiigiit to have been 7^1, was (deducting a fort¬ 
night’s interest) yOi. One per cent, added to make a. fivc 
percent, stock, would have been still more undervalued; 
and such a stock, even with the advantage of heing de¬ 
clared irredeemable for 1.5 or 20 jtears, would not pro¬ 
bably have sold for more than 4^32, (Ir .^83. Had, there¬ 
fore government attempted to borrow by offering 5 per 
cent, it could not have succeeded without giving a pre¬ 
mium near .£*20 for eveiy 00 advanced. But, by 
such regulations as those purposed iti the S^ipplernevt to 
which 1 have just rei'ciTed, it would,. I ilnagine, have 
become practicable to borrow at interests corresponding 
nearly to the prices of the 3per without premiums. 

eyjpect. 
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expect, in general, to be able to redeem tlhern 
bj paying less. 1 have said, in general ; for 
1 arp sensible that, at the beginning of the 
operations of a fund, when its produce is 
small, and also in a time of war, a state 
might derive great advantages from the low 
price of its debts. And I am sensible also, 
that considerable advantages might be de¬ 
rived from lotterieSi in paying the public 
debts: But lottaics do great mischief ir. ^a 
by fostering ,the destructive ?.j5irit of 
ghming. *It is wretched policy to make 
them familiar, by recurring to them in the 
ordinary coui'se of government ^ 1 here are 
great occasions on which they may be ne¬ 
cessary, and <for such occasions they should 
be reserved. 

The advantages of putting the public 
debts i-nto such a course of payment as I 
have described, are scafcely to be imagin¬ 
ed. It would give a vigour to public cre¬ 
dit, which would enable a state always to 
borrmv money easily, and on the best terms. 
And the encouragement to lenders might 
be always improved, without any inconve¬ 
nience; by making every loan irredeemable, 
during the lirsi 20 or 30 years; for, there 
could seldom be any occasion for beginning 
to discharge any one loan sooner. 

It might be easily shewn; that the faithful 
application*, from* the beginning of the year 
1700 , of only jC200,0Q0 annually, wopld long 
before J7Qt), notwithstanding the reductions 

5 • of 
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of interest, have paid off aho^'c a hundred 
millions of the public debts. The nation 
might, therefore, some years ago, have been 
eased of a great part of the taxes v ith which 
it is loaded. The most important relief 
might have been given to its trade and ma¬ 
nufactures ; and it might now have been in 
better circumstances than at the beginning' 
^f the last war; its credit firm ; respecte'd by’ 
bjtreign nations, aiM dreaded by il;s enemies. 
A ne\^'*accoimt might also some yww;e^go 
have been begun; and* anotheie'func^ not 
much more considerable, applif d in the same 
way, would, in a short course of years, have 
paid all that would have been now unpaid 
of our debts. And thus, without any ex¬ 
pence that could be sensibly felt, its debts, 
as soon as they began to grow heavy, might 
have been constantly reduced to a half, ^ 
third-, and not only all t7a/?^er, but all con¬ 
siderable inconvenience ivom them prcvciilcd. 

All I have now said, supposes a single fund 
with a general appropriation to the payment 
of the public debts. The same ends might 
be answered by particular funds, with small 
surpluses, appropriated to particular debts. 
Inthe warsof King IVilliam ^rd Queen Anne, 
an interest of six, and sohietnmes seven and 
eight per cent, was given for loans. It would 
have been easy to have annexed to each loan 
a fund producing a surplus ‘of per cent. 

after paying the interest; and such a surplus 
would nave been sufficient tp annihilate the 

principal 
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principal of every loan in 33 yeafs. ITafl 
this plini been follo'wed, the disengagement 
of the public funds, and the relief attend¬ 
ing it would have begun 6o years ago; ai\d 
the debts contracted, during the reigns of 
King IVilliam and’ Queen Anne, would liave 
been all cancelled near 30 years ago, without 
'any of that trouble, tumult, and distress, 
which have been.occasioned by reductions 
interest,^ atid by the various schemes ;vvlTiv^l!i 
have b'^'en ^ tried' for, lessening the d(^ts".— 
A hind, yielding ££l per cew^. surplus, an¬ 
nexed to a loan of 5 per cent, would dis¬ 
charge the principal in 3/ years ^ At 4 per 
cent in 41 years. At 3 per cent, in 4 7 years. 

These observations relate onlv to what 
7 iiighfha.ve been the state of the nation with 
respect to its debts, had a right plan been 
pursued frqm the first. But it will lie asked. 
What can be done with* them as they a?'cP 
I wash I was able to give a more satisfactory 
ansveer to this enquiry. Every one must see 

" 'Hie sums to be laid out would, in this c.-ise, he so 
small at first, tluit it would be proper to employ them in 
purclui.siiitr j>art of the loan to be annihilated at the prices 
in the ]>iiblic nriarkef; and this, as far as it con be car¬ 
ried, i.s tiie most eas; and quiet and silent way possible of 
extinguishing the public debts. 

" I have all'along supposed the produce of the public 
funds to eonrie in yearly. The truth is, tliat it conies 
in hulf-yi^arly; but th,'s gives no advantage in, the pay¬ 
ment of the public debts worth taking into account. .^1 
per (innum, together >vitli its growing interests, at 4 per 
cent, taken yearly out of .3^ 100, will reduce it to nothing 
in 41 years; if takeh /^///'-yearly, it will anniliilate the 
same capital only four months and 12 days sooner. 


our 
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our J)rospect to be discouraging, and our state 
hazardous. Some have thought, that a good 
method might be found* out of discharging 
the national debt, by short annuities, and life- 
annuities. The following observations will 
shew how groundless an imagination this is. 

Short annuities and life-annuities have been 
always undfervaliled by the public; and 
\wcre they offered to sale to such an amount 
a5^..would be neces^ry to make any consider¬ 
able r^uction in the ijational dd^'tfiey 
would probably fall to a very, low price. 
Let the three per cent, stocks'be supposed 
at 86,^100 of this* stock w^'otild not be 
given up fora life-annuity less than or a 
short annuity for a less term than 30 years; 
for this is valuing them at I4^years purchase, 
and life-annuities in particulai* have never yet 
been disposed of at so high a price.—'-In or-^ 
der, therefore, to disi;harge in this way a ca¬ 
pital in the 3 per cent annuities of 33 millions 
and a tfiird (the interest of which is a mil¬ 
lion perann.) it would be necessary to pro¬ 
vide a surplus producing another million per 
ann. for 3o years. But this surplus, em¬ 
ployed during the same time as a sinking 
fund, would redeem 47 millions and a half 
at par, and 51 millions and ci half at =£'80 
in money for every .aSlOO stocH. It would, 
therefore, be great folly to employ such a sur¬ 
plus in the former way rather than Ihe latter. 

But I will beg leave to detain the reader 

here a little longer-^The observations now 

made may be of use in shewing what* the 

best 
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best method is of incurring dsbts as u^ell as 
redeeming them. 

Suppose a million raised by annuities on a 
set df lives, all at 30 years of age. The 
purchasers of such annuities cannot rea¬ 
sonably be reckoned to have an expectation 
^of less than 30 years. That is; the dura- 
\tion of their lives, taking, them one with 
another, will be 30 years; and they will be 
entitled, supposing interest' at 4 per cent, tp 
for every . 3^100 advance^^Fora 
niTllioii the public would make 30 pay¬ 
ments of /J/d <Poo.—Let us suppose next, that 
a fund produaing this &um annually, instead 
of being engaged to pay iliesc life-annuities, 
ia engaged for 30 years, to pay the principal 
and inte.'cst of a million, borrowed on re- 
i/ee//?o/e'e perpetuities, per cent. There 
will, at tl:(^ end of the lirst year, be a sur¬ 
plus of ,rpJ-3o,ooo.—In consequence of ap¬ 
plying this to the extinction of the principal, 
it v\dll be reduced to <s£l 970 ,ooo, on which, 
at the end of the second year, the interest due 
will be £^38 800 . There will, therefore, be 
a saving of ^’I'Joo. Instead of employing 
this saving in further sinking the principal, 
which would cause the fund to accumulate 
in the same mliniKir with money at com¬ 
pound inter, st, let it be taken and employed 
in any otlu'r way : And let the same be done 
with all the subsequent savings, reserving 
only cA’30,000 annually, for the purpose of 
sinking the priricipal. At the end of the se¬ 
cond, year, the principal will be £.^940,000; 
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and the paving of interest upon it, at the end. 
of the third year, ,i^2400. At the end of 
the 30th year, the principal will be reduced 
to 100 , 000 . The saving of interest that 
year will be, ^1200 multiplied by 29 , or 
^d^34,8oo, and the sum of all the savings will 
be ,^522,000, Deduct from hence ^ 100,000 
remaining then undischarged of the princi¬ 
pal; and 0^422 ,000 will be the loss the 
jxublic would sustain in the circumstances I 
have Supposed, by raising money cfflr4jft-an- 
nuities. But if we suppose tlm'savings, ‘as 
tliey arise, as well as the ccdistant sum of 
<^30,000, to be applied to thh discharge of 
the principal, instead of being spent on cur-^ 
rent services; the whole million will be an¬ 
nihilated in 21 years and a half; and the 
loss to the ])ublic by preferring life-annuities, 
will be B‘ years purchase of the annuities ; 
or .d^'5(j5,ooo. .By ^Jimilar deducdo.ns it may 
be easily found, that the loss, in younger 
lives, is greater; in older lives less; but ne¬ 
ver inconsiderable, except in the oldest lives. 

It appears, therefore, that in consequence 
of such a way of raising money, the public 
jnust always pay much mortyn interest than 
there is any occasion for; and waste a sum 
equal to more than half Ihe principal bor- 
iQ^'^ed This, however, though so wasteful, 

is 

t 

’’ Jt is obvious, that the obsen-ations 4iere made, may 
be applied to the common methods of raising money 
on lile-annuitles, for building cburcbes, paving streets, 
making naviga^'ns, &«, fifC. And, iir general, to alj cases 

VOL. 1. U where 
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is a more frugal -way of procuring moiicy 
than by borrowing on perpetuities, without 
putting them into a course of redemption; 
for in this case the loss may be wjiniie. 

But to return. 

' The enquiry which has occasioned this- 
digression^ must be interesting to every per- 
who wishes w^eli to this country. All 

where the money received is not l^id up (o be improvcii; 
—F 017 lew ibis subject in another iigltt, l<ifr.us sup¬ 
pose' ^^' 10,000 .borrowed ftir any putdic work, on perpe¬ 
tuities at* t/)<;■ (C),'. Anci^ if that will afford more en¬ 
couragement, let tSein be made irredeemable for any num-- 
ber of years less tftan seventetin. Let us further sup-. 
p(,'sc such rates, or lolls, established for the payment of 
the inteicst and principal, as shall produce double the in- 
tJ'rest of the sum borrowed; w per annum instead 

01 per annum. Let the surplus, as it comes in half- 

yeailp, be laid up to accumulate in the public'funds. In 
17 years and a half, reckoning interest at •) ptr cent, a ca¬ 
pital will ‘be laised, equal to the whole sum borrowed; 
and, therefore, at the end of tjiat time, tlie whole debt 
may ho disc harged, and the wltole transaction fiidshed.— 
ihit if tlic; same; sum had been borrowed on annuitie.s, for 
• ihe lives of a set of persons 50 years of age-, at H per cent. 
wliieh is .£'1 per cent, less than the true vidue of such an¬ 
nuities: Had this, i say, been done, At/// the anmdtants 
would have been alive at the end of the term I ha\ e men¬ 
tioned; and the whole transaction, together with the ex- 
pences and trouble atfending the management of it, could 
not have been finally closed till the extinction of all the 
lives; that is, not ii leift time, metst probably, than 35, 
or, perhajts, 4() yea!|.—It is a necessary observation here, 
that, if public credit maintains its ground, much will not 
depend, in the plan now proposed, on the rise and fall of 
Stocks. If t. u-ar siitks them, the money laid out, wliile 
the war lasts, will accumulate faster. If a peace raises 
them, the money that had been previously laid out will be 
jiroportioimbly increased. 


)!chemcs 
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schemes for discharging the public debts by 
life-annuities, have been shev\'u to be absurd 
and extravagant. In general it rnaj ob¬ 
served, that it is far from probable, tiiat any 
money which the nation can spare, if ap¬ 
plied so as to bear only simple interest, can 
be capable of reducing its debts within due 
bounds; or of do*ing us, in our present cir¬ 
cumstances, any essential scr\ ice. A fund,^ 
producing a surphis of even two iiiiilions an¬ 
nually,' wotdd, when tl\us applied,.pay no 
more than 40 millions in 2o ami, m 

that time, a war might probabl t^conic, which 
would interrupt the application of it; and in¬ 
crease our debts much more than such a fund 
had lessened them. 

Certain it is, therefore, that if our affairs 
are to be retrieved, it must be by a fund in¬ 
creasing itself in the manner I have e^wplain- 
ed. dbc smallest find of tliis kind is, in¬ 
deed, onniipolcnt, if it is allowed time to ope¬ 
rate. lUit we are, 1 fear, got so near to yhe 
limits of the resources of the nation, that it 
cannot be allowed much time: And, in or¬ 
der to make amends for this, it is necessary 
that it should be large. 

In redeeming the publig d'^bts, consider¬ 
able advantages might be dcijved from their 
low price ; and this advantage, in a time of 
war, would be nearly the sa^me in whatever 
manner the redemption was made: That is, 
whether it was always made at par, or at the 
market prices below j&ar. The^ latter method 

u 2 would 
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would be the best; but supposing the former 
adopted, an equivalent advantage would arise 
from the power it would give to borrow 
money on lower terms.—Suppose, for in¬ 
stance, that in a time of war, four mil¬ 
lions must be borrowed for the service of 
the year; and let the produce of the fund 
be then increased to two millions; and the 
interest of money in the stochs, above 4 
pei'c^f. ‘‘In these circumstances, it vould 
be the .interest of the lenders of money, to 
take 3 ' per -cent, for the sums they advanced, 
in considera^^fon of having their 3 per cents. 
paid off at par, to the amount of half these 
sums.—War, therefore, M ould accelerate the 
redemption 6f the public debts; and it would 
do this the more the longer it lasted, and 
the higher it raised the intere'st of money. 
Or if, "in .consequence of pa} ing ahvays at 
par, this could not liappcn; an cqui^ alent 
effect would be produced in the way just 
mentioned. The stocks would be alvays 
kept up by the operations of the fund; and, 
in proportion to the suras yielded by it, the 
public woidd be able to borrow money more 
advantageousll", and less would be added to 
its burdens.—Thi^s seems to me an observa¬ 
tion of partietlar consequence. It demon¬ 
strates, that the invariable application, in 
ivar as well as peace, of the produce of the 
fund I am' supposing, to the payment of 
the national debts, rather than to any cur¬ 
rent servico,^ M’^ould, independently of its 

effect 
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effect in.redeeming these debts, be attended 
with great advantages to the public. But 
this is a subject on which I shall have occa¬ 
sion to say more presently. * 

The sinidtig fund, in its present state, and, 
after supplying the deficiencies of the peace 
establishment, yields, I suppose, a consider¬ 
able part of a million and a half pci' annX 
And I cannot doubt but that such savings 
might be made inftbe collection and expen¬ 
diture of the national revenue, -^uld 
cause this fund to yielcl the luhole of this 
sum, v.dthout imposing any noHp burdens- on 
the pubbe. But, weit; there, indeed, no way 
of providing any part of it, but by creating 
new funds, or imposing new taxes; it ought 
to be done, because it must be done, or the 
nation sink. 


The evils and dangers, attending an c.for- 
hitant public debt in this country, are so 
great, that they cannot be exaggerated.— 
^\dthout repeating, what has been so oYten 

A more careful enquiry lias shewn me that the true 
surplus of tlie public income was the time wlicii tliis 
was written much less than I imagined. For five years 
after 17t>a it was no more than ^afStgOOO per arm. For 
five years before 177 -'i h was ,;£’;iSR7dh; and tlie me* 
dium for the whole duration of tlul peace between the 
last two wars was .stfiyfi.OOO per anr/. according to the 
accounts in the second Tract on (,’ivil J>ilj^ily, Part .Sd, 
Sect. 4tli. And from the commencement of the present 
peace to the present year 1790, the stated revenue lias pm- 
diieed m surplus. 

.s.'iid, 
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\ 

said, of its increasing the dependance on'the 
crown; rendering us tributary to foreigners; 
and r^iising the price of provisions and labour; 
and, consequently, checking population, and 
loading our trade and manufactures; 1 will 
•onlv take notice of the folio wing; evils which 
attend it. 

First. The execrable practices of the 
Alleii. These cannot be mentioned in lan- 
guage too strong. They ale increasing every 
day;‘^3Tlti the national debt, by giving occa¬ 
sion tn theriy^ is likel}' soon (with the aid of 
annual lotteil-ys) to ruin all honest industry 
among ns, anVi to turn us into a nation of 
gamblers. 

Secondly. * It must check the exertions 
of the spirit of liberty in the kingdom. I'he 
tendency of every government is to des¬ 
potism*; and in this it must end, if the peo¬ 
ple arc not constantly jealous and watchful. 
Opposition, therefore, and resistance, arc often 
necessary. But they may throw things into 
confusion, and occasion the ruin oi the public 
funds. 'JTe apprehension of this must in¬ 
fluence all who have their interest conneefed 
with the preseiVation of the funds, and in¬ 
cline them always to acquiescence and ser- 
vility. 

But further.! It exposes us to particular 
danger from foreign enemies by inviting in¬ 
sults, and rendering us incapable of meeting 
war, hoMmver necessary, without the hazard 

ol 
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‘of' bringing on terrible convulsions, bj over¬ 
whelming public credit. 

All these are evils, which must increase 
with every increase of the national debt; and 
there is a point at which, when they arrive, 
the consequence must be fatal 

But to proceed to some further observa¬ 
tions. 

What has been said, has all sup¬ 

posed a sacred and i/^t’/o/’a^/eapplicarion of the 
fund I have described, and ol its earnings, 
to the {Hirpose of sinking thy national debt. 
The u hole effect of it depends oji its being 
allowed to operate, without i^iTEKRUP' 
TioN, a proper time. But it may be asked, 
how this can be secured ? Or, by wdiat me¬ 
thod an object, that must be continually 
growing more and more temj/ting, can be 
defenued against invasion and rapine?—I 
might here mention the superintendeney and 
care of the representatives of the kingdom* 


' “ [btlior the nation (Mr. Hume says, Essays, \'ol. II. 
“ p. 145) rimst destroy public credi j; or public credit will 
“ destroy the nation.” Mr. Gordon, in the Preface to 
Cato’s Letters, tells us, that ithe great and good Mr. 
Trbnchard had two things inucji at heart, namely, 
keeping Erigland free from tbreigiJbroils, and paying off 
the public debts. He thought that One of these depended 
on the other, and that the being the ste^te depended cm 
the latter. Mr. Gordon adds, that he believed no oisc. 
who thought at all, could think Mr. Then chard mis¬ 
taken. 


the 
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the faithful guardians of the state, to whom 
ministers are responsible for the use they 
make of the public money. But experience 
has sfiewn, that we cannot rely on this secu¬ 
rity.—The difficulty, therefore, now men¬ 
tioned, is the ver}-’^ greatest difficulty the na¬ 
tion has to struggle with in the payment of 
its debts. 

The sinking fund was established in the 
year 1716 , «r soon after tlije accession of the 
pres^iitrt^mily, at a time when the public 
debts, (thougij. not much more than a third of 
what they a^) now, were thouglit to be so 
considerable ab to be tilarming and danger¬ 
ous. It was intended as a sacred depo¬ 
sit never to ^be touched; the law which 
established it declaring, that it was to be ap¬ 
plied to the payanent of the principal and 
interestof such national debts and incum¬ 
brances, as iiad been incijrred before tlu; 25th 
of December 1716 ; and to no other unc, intent, 
or purpose whatever. —^The faith of parlia¬ 
ment, therefore, as well as the security of the 
kingdom, seemed to require, that it should be 
preserved carefully and rigorously from alie¬ 
nation. But, iliotwithstanding this, it ha^f 
been generally alienated; and tlie produce ot 
it employed, in 1 helping to defray such cur¬ 
rent expences the exigences of the state 
rendered necessary. 

In order'to Justify this, it has been usual 
to plead, that when money is wanted, it 
mak^s no difference, whether it is taken from 
3 henpc, 
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henC'c, or procured by making a new loan. 
Ibit in truth the difference hetweeu these 
two methods of procuring money is no less 
than hijimte. —For, by employing the sumjc* 
-r\G FijxD in bearing- current expencc.s 
rather than borrowing new money on new 
funds; the state, in order to avoid giving 
simple interest fof money, is made to alienate 
money, that must have otherwise been im¬ 
proved at and. which, iri 

time, w ould have necessarily increa^d^nwy 
sum.—Flad a faithful use been m-^de from the 
first, of only one third of ‘Me produce of 
this- fund, the greatelit part dr’ our present 
debts would now have been discharged \— 
Caft'it be possible then to think, without the 
deepest regret, of that misapplication of this 
fund, M'hich, with the consent of parliaments 
always compiying, our ministers iiave prac¬ 
tised ? 

^ TIu' priiicijial ()b‘;c‘rvatl(>i!s in fills Cliaptcr, 1 have 
given just as they uceurred to iny thoughts, without 
knowing tliat any of them had been made by otlier 
writers. Some proposals and observations of a similar 
nature, 1 have since found in an excellent pamphlet pub¬ 
lished in l’J‘2G, entitled, ■ p/ t/ie National Delis 

■>; this kingdom, whtn 'cin lie ImjmUuh c of discharging ihom 

considered, and some general- ii^i.iinkes about i'he nature 
and tficaaf of the Sinking Fcnd e.ihrniucd and rcmoind. 
In a Letter to a Mender of the |io«se of Commons, 
fau/li edition. 


6L'tpi>e:uext. 
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SUPPLEMENT. 

THE following account of our PublU 
Funds in general, and of the Sjnkiag Fund' 
in particular, having been, published in an¬ 
other work too incorrcctlV, I have thought 
proper to introduce it here as a Supplement 
to the prc(»:('ding C'hapter.V 

fjyitish Funds have been all formed 
iittophe i'ouv i'ollowing classes or divisions.— 
Th'e Ao<.KAeATE Find; the Soutii-Sea 
I' uNn; the Genekal 'Fend; and the Sink¬ 
ing Fend. 

The ylggragafc Fund v\'as established by an 
act of (jCo. I. cap. Ji.’. in 1715 . It had this 
namegiveti it, because it consisted ol'a great 
variety- of taxes and surpius(\s of taxes 
which were in that yt^ar consolidated, and 
given as a security for the discliarge of the 
interest and principal of debts due to tin' 
Bank of Fnigland, and some otlier jiuhlic 
debts; and also for thepayment of .X‘120,000 
per annum to the civil list. Into VPsjinid 
were brought the two-thirds and one-halt 
subsidy of tonnage and poundage ; half the 
inland duties <>n tea and coffee ; the house- 
inoney grantedltby the 7th of IVill. III.; the 
duty on hops', the duties on low wines, 
brandy, afid spirits; all arrears ot 

land-taxes; all jiublic monies not appro¬ 
priated ; the Surpluses of the nine-penny 

('xci.<^c. 
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excise, of the five-sevenths of the Bank nine- 
penny excise, of the i*cvenues in the annnitj 
acts of the'4th, 5th, and (ith of Queen Atwe, 
&.C. and, by an act of tiie 1st of Geo. Iff. all 
ithe duties constituting the revenue of the 
X’iyj] list. 

d’iie Sonth-Sea Fund was established, by 
stat. 3 GV'o. 1. Cap. (). in and was so 

called, because appropriated to pay the in¬ 
terest of the So^th-Sea company’s capital' 
It consisted of a duty on candles, a’ftd’rTrtain 
imposts on vines, vinegar, tpbaccQ, alid 
East ] nd'cd goods. 

Th(? General Fund'w'AS alsoTestabh.stied, by 
stat. 3 Geo. 1. cap. 7. in 171th and consisted 
of a subsidy on goods exported; a tax on 
hackney-coaches and chairs ; duties on soap, 
hides, stamps, and policies of insurance; 
i:G '700 p(‘r week letter-money; a moiety of 
the inland duties yii tea and Coffee; and 
<s£.'3C),85.''» per annum out of the hereditary 
excise oii beer for the bankers annuities. 

• 

All thcs(' (axes were appropriated to the dis¬ 
charge of the interest of , 5 £ 7 , 808 ,o 87 , (origi¬ 
nally .jA 10 , 000 , 000 ,) capital stock of South- 
Sea aimukie.s, together with charges of ma¬ 
nagement. 

All that remained of thei produce of the 
taxes thus digested into tl .rsc three funds, 
after satisfying the cliarges upon them, was 
in the same year (or l 7 it)) <;arf’ied into a 
fourth fund, to which was given the name 
of the SinMng Fund, becailsc appropriated 

to 
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to the purpose of sinking the public d^bts. 
The words of the act of the 3d of Ge.o. I. 
which established this fund, are, “ All the 
** monies to arise from time to time, as 
“ well of the excess and surplus of an act 
“ made this session for redeeming the funds 
of the Bank of England ; and of the ex- 
“ cess or surplus by virtue of one other act 
made likewise this session for redeeming 
the funds of the South-Sea company; as 
alsTJT* o5 the excess or surplus of the du- 
ties nnd ^e^venues by this act appropriated 
''as aforesaid t \ and the overplus monies of 
“ the said General Fund by this act esta- 
“ blished, shall be appropriated to the dis- 
“ charging the principal and interest of 
** such national debts as were incurred be- 
“ fore the 25th. of December, and 

“are declared to be national debts; and to 
“ or for no other use, intent, or purpose 
“ whatsoever.” The transactions \\ ith re¬ 
spect to this fund make a very important 
part of the history of Britain ; and furnisli 
us with a striking instance of the deprav ity 
and folly which often ruin kingdoms. 

Before its estiblishment there had existed 
many smallerof the same nature; that 
is, such duties or taxes had been provided for 
paying the interests of particular loans, as 
afforded surpluses by which the principal 
itself was co be gradually redeemed. This 
wus the common practice in the reigns 
King WilliamQxK.cn Anne. Most ot the 
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puHlic duties were given for terms of }x 4 rs; 
and at the end of those terms they ceased of' 
course, unless continued for farther terms by 
new acts of parliament: And, in gcnefal, it 
^was provided, w hen any money was raised, 
^at the principal should be cancelled either 
by time, as in the case of the sale of long 
and short annuities, or by the surpluses of 
t^e duties charged with the payment of the 
mterest. This was an excelleijt plan; bilfr'» 
it was by no means carried into^ex'wution. 
In the year l 720 , most* of the long an^d slwrt 
annuities were, converted ^Lpto redeemable 
perpetuities, at the»expence*bf above three 
millions; and the surpluses of the duties 
charged with particular loans were often so 
broken into, by being either charged with 
new loans before they had cancelled the old, 
or spent on current services, as to.be ren¬ 
dered, incapable of answering# the end in¬ 
tended by them. In consequence partly of 
this bad management, the public debts at the 
accession of the House of Hanover cv ere so 
miich increased as to be generally reckoned • 
hiHUpportablc ; and their reduction was made 
one of the first objects of parliamentary at¬ 
tention. This gave rise, in l 7 lCi, to the 
institution of the fund of \vhich we are 
giving an account, the lathtr ot which was 
(as has been generally said^Sir Lloiert Wal¬ 
pole, but, in reality, Karl Stmihope. All 
the taxes, except the land-tax and six-pence 
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bushel malt-taxwere then made ber- 
petualj and distributed into the three fufids 
which have been described, the surpluses 
of which, for ever afterwards, were to be 
held sacred, and to be a})p]ied inviulabli/, 
according to the words of the act just recited, 
to the redemption of the national debt. 

A considerate person might have suspected, 
that the same causes which had rendered 
ft>rmer partial appropriations ineffectual, 
wouli^ie&cToy the efficacy of this. There 
seemed., however, to be reason for hoping 
the contrary: p,iir. 

First, the fii2cure happiness and glory of 
the kingdom w'ere thought to depend “ on 
this appropriation ; and the law which esta¬ 
blished it was declared to be a fundamental 
law of the realm. 

Secondly, in conformity to these senti¬ 
ments, the \v ords of this law were made as 
strong as possible; and, in order to give 

' Tht'^e taxes hafe been always voted by parliament 
from year to year; and are, op this account, distinf^wished 
by the name of the annual taxes; and wholly employed, 
as far as they will go, in bearing the current expem es of 
every year. 

“ Tltc alarm occasioned about this time by the public 
debts (wliich Irave been ^ince twice doubled) and the 
eager expectations cii; ertained from this fund, appear 
remarkably, from a fict just mentioned; or from the 
conversion (at the expebee of three millions) of most of the 
long and short annuities-then subsisting into redeemable 
perpetuities, in order to stibjex't them to the operation of 
this fund. 

additional 
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t)al force to it, a repetition of it, in 
the same words, was inserted in an act of 
the 5th of Geo. 1. cap. 3. Farticidar notice 
should be taken of these v»>a)r(ls. d 'hev ofder 
t all the surpluses of the taxes then made 
met;ial, shall be apj'duxl to the discharge 
of tFie public debts, and “ to no other use or 
intent wl)atever.” When, therefore, a 
del^ had been jaiid otl'. the addition arising' 
fropi that paymenlj to the surpluses (or the' 
annuity disengaged by it) became of 

the fund, and, togetlicr with it, was be 
employed in discharging farthJh' uebts. And 
the same being true (ff evcri' Recessive an¬ 
nuity dis{'ngaged by every payment, the 
fund, if never misapplied, mu^t necessarily 
have operated in siidcing the public debt, in 
the same matfner that money accumulates, 
when put out to bear compound interest. 
And in this way this i'urul did in l^ct operate 
for a f('\v years. While in its infancy, it 
^vas \\ att'hed with great care. Tire improve¬ 
ment and the inviolable application of it was 
recommended in most of the speeches from 
the throne, ai.d echoed back in the addresses 
of t he House; of Commons, ft is particularly 
observable, that so well did our ministers 
then understand the natnfe and importance 
of thhfund, that rather than! encroach upon 
it, they frequently borrowed iioney in order 
to defray the necessary expftnccs »t govern¬ 
ment. From some publications in 1/26 it 
appears, that some persons Ifad been led to 
5 appreliend 



304 


dfpuhik cmif, 

apprehend this zeal of the ministiy -^'ould 
not be permanent,, because it was not their 
interest to pay off the public debt, on account 
of t^ie dependence and influence created by 
it. In answering this objection, the writer^S. 
on the side of the court called such an 
prehension an indecent jealomy, and took 
upon them to assure the public, “ that in no 
“ possible exigence of alfairs could our pii- 
nisters cyer approve of^r recommend the 
" alittuatlon of the sin/iing fund!' Hapj)v 
would it have be^ui for Britain had (his 

€ y .... 

proved true: ,]&ut in a little time it appeared, 
that the apprCjliensions which had been stiled 
indecent jeahfasies, were too well grounded. 
Men in powQr came soon to sec, that this 
Jimd was advancing too fast in its opera¬ 
tions, and to change their zefil for it into a 
resolution to destroy it. d'bis will abun¬ 
dantly app jar from the follow ing facts. 

Charging the income of tiir sinking fund 
with the payment of the interest of new 
loans, is an encroachment upon it, no less 
subversive of its etficacy, than depriving it 
of gross sums; there being no difli-rcnce 
between taking from it the annual interest 
of a sum, and that sum itself, lietween 
the years 1727 arid 1/32 several incroach- 
ments of this |iind had been made upon it; 
but, being of [.a less obvious nature, they 
passed without- any particular opposition. 
The finishing blow was given in the year 
1733 . In tlia't year, in order to keep the 
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land-tax* at one shilling in the pound, it was 
necessary either to borrow half a million for 
the current service, or to take half a million 
from the sinking Jiind. The last metho({ was 
f^osen; and proposed by Sir Robert JRalpole 
l^n^the House of Commons. Long and 
warm debates ensued. A proposal to alie¬ 
nate, in a time of profound peace, a /iind 
<syUich the law had made sacred, and the 
alienation of w'hidh no possible exigence oj 
public ajfah's could justify, only for thJTsake 
of keeping the land-tax for qne •year »t one 
shilling in the pound, justV kindled the 
indignation of the patriotic party. They 
urged the prohibition of the law, the faith 
of parliament, and the security of the king¬ 
dom. The proposer of the alienation was 
reminded of his inconsistency and treachery. 
In endeavouring to beat down that very mo¬ 
nument of glory wlych he had ^Doasted of 
having erected for himself; and Sir John 
Barnard warned him, that he was drawing 
upon himself the curses of posterity. But 
all arguments were vain. The ministry 
pleaded that the landed interest wanted ease; 
that there was no occasion for being in a 
hurry to pay the national debt; and that tine 
circumstances of the kingdom had altered so 
much since the establishment of the sinking 
fundi that the competition tnen among the 
public creditors was, not who i^ould be 
.first, but who should be last^ paid. Thus 
VOL. I. X argued, 
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argued, among others, Sir Robert Walpole: 
His reasons prevailed; and the House of 
Commons consented. 

The practice of alienating the sinking fund 
having been thus begun, went on of course.^ 
In the riext year, or 1734, , 3 ^ 1 , 200,000 w^s 
taken from it. In 1735, and 1736, it 'vVas 
anticipated and mortgaged. 

Thus expired, after an existence of a f^w 
‘'years, i\\e> sinking fund-, that sacred blessing 
(as rt’^iis once thought) and the nation’s 
only hope. , Could it have escaped, it would 
long before tl^s time have eased Britain of 
ail its debts, p-id left it safe and happy. 

In order to'obtain a juster Sense of this, 
let us here compare what it would have done 
had it never been misapplied, with what it 
has done. 

. Though the act that established it wa.s 
passed, as'already said, in 1716 , it did not 
begin its operation tilf ]7 0 > when three 
quarters of a million in old Excheciuer bills 
■wefe paid off with it. The intermediate 
time had been employed in laying the foun¬ 
dations of tliis fund, and providing an in¬ 
come for it, by a general reduction of the 
public debts, from an interest of six per 
cent, and other higher interests, to five per 
cent. What made this reduction then prac¬ 
ticable was a I rapid fall of the interest of 
money, wh^ch begun (in consequence of an 
increase of trade producing an influx of 

money) 
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money) a little before the accession*. Ihe 
means used by government for accomplish¬ 
ing this reduction were, first, the addition 
{zt Michaelmas 1717)’ of the interest of some 
^ebts bearing five per cent, to the principal, 
.in order to make use of the produce of the 
tai?es which should have paid that interest, 
in^ discharging the bankers debt and some 
other debts bearing six per cent. 

\ Secondly, loarte at five per cent, obtained 
cmefly from the Bank, and the ^^outh-Sea 
company, to pay off such of tl>e pubkc cre¬ 
ditors as did not chuse to \ccept a lower 
interest than six per*cent. 

After this reduction, the funds, be¬ 
fore described, produced a surplus of above 
half a million per annum. In 1727 this 
surplus was increased to ££^939,103, and in 
1733 (the year when the practice’of alie¬ 
nating it begun) it, had been fncreased so 
much by the redemptions made with it, 
and by a second reduction of interest in 
1727 from five to four per cent, that its 
medium for five years had been .^1,212,000 
per annum. Had it, from ^the year 1732 , 
been allowed no increase beyond this sum 
(except from the interest of debts paid by it), 
and been applied for the first twenty-five 
years to the payment of debts bearing four 
per cent, interest, and afterwards to the pay- 

* The legal interest of money wa| reduced in l/ldj 
ftom six to five per cent, 

X 2 nicnt 
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ment of debts bearing three j&er cent, k would 
(in the year 1 / 81 ) have completed the re- 
dempjtion of more than one hundred and 
sixty millions of debt, leaving the public 
during this whole period, in possession qf, 
all the surpluses which have arisen in die 
revenue beyond ££1,212,000, except those 
produced by redemptions. It is not possible 
to conceive the beneficial effects with which, 
this would have been atteifded, or the vigour 
whiclT*v^'ould have ,been all along given''to 
public- credit bv such a fund, and by the 
prospect it wyiild have given of the total 
annihilation iira few years of all the public 
debts, and the disengagement of the taxes 
supporting them, ISo person who duly at¬ 
tends to this, and wishes well to England, 
can avoid execrating the policy which first 
produced, and has since continued, the alie¬ 
nation of sinking fupd,'dnA converted an 

expedient for saving the kingdom, into a 
supply for extravagance, and a support or 
corruption and despotism. This, however, 
is a policy which it may be expected men in 
power will always use when they can; for 
few of them (except when well watched) 
have ever shewn themselves superior to the 
temptations of power, or virtuous enough to 
avoid using all means to extend it. 

Many schemes of different kinds have 
been forrfied for paying the public debts; 
and certain it^ is, that nothing can be of 
Kiorc importance. But the nature of things 
3 doth 



and the National Debt. 


309 

(ioth not admit of any method of doing this* 
so expeditiously and effectually as an unalie¬ 
nably sinking fund; for in such a fund (it has 
been shewn) money is improved at com¬ 
pound interest, and therefore in the most 
perfect manner. The writers, therefore, 
wh^liave employed themselves in contriving 
sudi schemes might have spared their* la¬ 
bour. The best of all schemes has beers 
Tong known and Established, and'rtceijv'ed all 
the weight and efficiency which could he 
given it by the most solemn ^cts*of tlie’legis- 
lutiu’c. But no legislature cal give security 
against itself. ISo parliament can do any 
thing which it may not undo. 

We have now seen what the sinking fund 
wourm have done, had it suited the views 
of the British ministry in H 733 to sutter it 
to go on with its operations^ ^.^et us next 
compare this with A\*hat it has done. 

In 1737 and 1 738 , a million of the stock 
of Bank annuities and two millions of.the 
.stock of South-Sea annuities were redeemed 
with it. For twelve years after 1738 , it 
was wholly applied to the oiirrent expcnces 
of every year. In 1749 > tbc interest of 
near fifty-eight millions t^f the public debts 
was reduced from four to three and a half 
per cent, interest for seven years, and after¬ 
wards to three per cent, for.ever. , But not¬ 
withstanding the great additiofi which this 
reduction of interest made to the sinking- 
fund, no more than l^ree millions of thejpub- 

lic 
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lie debts were redeemed by it, during* the in¬ 
terval of peace between the years 1748 and 
1756.. 

By an act of the 25 th of Ceo. II. 1752 , a 
change was made in the sinhing fund, which 
it is necessary to mention. 

Before this act the sinking fund consiked 
only of the clear surpluses of the aggreg-tte, 
»<the general, and the Sotifh-sea company’s 
fu 7 ids^ By'^the war, whi(fh begun in t 74 C^ 
there was an addition made to the public 
debts of near tl/irty-tw^o millions. This oc¬ 
casioned a gimt increase of taxes; and the 
practice was, (whenever any new tax pro¬ 
duced less than the interest with which it was 
charged, to make good the deficiency out of 
the sinking fund, and afterwards to replace 
the sum taken /rom it out of the supplies 
for the follqwi^Tig year. But whenever a tax 
produced more than thc'charge upon it, the 
overplus, instead of being carried to the 
sinking fund, was made a part of the sup¬ 
plies for the year. By the act just men¬ 
tioned, all the new taxes, together with all 
the anfiuities tofthe payment of which they 
had been appropriated, were ordered to be 
carried into the sinking fund, and formed 
into one general account. Most of the new 
taxes having proved deficient, this fund at 
first lost rpore ^|?an it gained by the change. 
But the loss ‘was afterwards more than made 
up; first, by the saving which was pro¬ 
duced by the reduction of intetest from three 
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and a half per cent, to three per cent, in 1 75 7 ; 
and, secondly, by the addition, in the same 
year, of the salt-duties to this fund, .after 
they bad completed the redemption of a 
million, with which they had been charged 
in 1 745. 

Ttie war which began in 1756v, added 
sevcnty-ione millions and a half to the public; 
debts. This produced a new increase o^ 
"'^es, ^v’^hich (in'conformity to’t^e conso¬ 
lidating act just mentioned) were .brought 
to the general sinking fund a^coant, together 
with the annuities or interest\ with the pay¬ 
ment of which they were chared. And it had 
been, till the last war, the constant practice 
to carry every new fund or tai, imposed for 
paying the interest of a loan, into the sinking 
fund-, in consequence of ":^ich this fund 
gained when the tax happened fo pro¬ 
duce more, but lost w'hen it produced less 
than the interest W’hich it had been given to 
pay. I'he sinking fund, therefore, wl^ich,* 
before the consolidating act, consisted only of 
the surpluses of the aggregate, general, and 
South-sea company’s funds,\ consisted after¬ 
wards of the clear surplus of all the appro¬ 
priated taxes, Th^re wjas only one excep¬ 
tion ; namely, the additional tax upon houses 
and windows, granted in 1758, towards pay¬ 
ing the interest of four millions and a half 
then borrowed. This tax wasmever made a 

y See second Tract on Civil Liberty, p. 147- 

part 
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, pac/l; of the sinking fund; and, having always 
proved deficient to the amount of about 
^43,000 per annum, the deficiency was 
consfantly made good by the sinking fund, 
and afterwards replaced from the sup¬ 
plies. 

Before the last reduction of the interest of 
the public debts, the sinking fund, having 
suffered greatly from various encroachments 
"lupon it, produced little mpre than a million 
per ami. But after this reduction, and its in¬ 
crease, by the addition of the salt-duties, it 
produced near/two millions per ami. In 
1 764 it produced at Michaelmas, after making 
good deficienaes, .^ 2 , 105,000 nearly. For 
five years after 1764, its average produce, 
reckoned to Christmas in every year was 
^2,234,780. five years, ended in 17 / 4 , 
its average pioduce (after making gbod 
the deficiAicy of the fund in 1758 ) 
was ji^2,6l0,759. In* 1775, it produced 
_^2,917,869. In 1776, ^3,166,517. In 
17 Th it was charged with an annuity of 
^100,000 per ami. to the civil list; and, 
after paying three quarters of this annuity, 
and half a year’s^ interest of five millions bor¬ 
rowed in that year, it produced from Oc¬ 
tober 1776 to October 1777 , 5^2,685,669. 
From October 1777 to October 1778, 
1779, and 178P, it produced ^2,442,o63, 
.^£2,267,399, ^^' 2 , 403 , 017 , after paying the 
said annuity, and also after making good 

the 
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the deficiency of the fund in 1758, and &ll 
the deficiencies * of the new taxes. 

It appears from this detail, that after the 
peace in 1763 the income of the ^nhing fund 
increased considerably. The causes of this 
have been partly the falling in of life-annui¬ 
ties, ■■.qnd the greater productiveness of the 
taxes occasioned by the increase of luxury. 
But the principal cause was the falling in of 
.the interest of’abput ten millions and a half* 
of the public debts which were discharged 
during the twelve years of|)eace betwe'en 1 763 
and 1775 . This diminution^ of^ the public 
debts was made, not by the sijixmg fund, but 
byacontributionfrom the East]jndiaCoin]^any 
of ^400,000 . per ann. begun ,in 1768 , and 
continued for five years; by the profits of 
ten lotteries; by the composition for main¬ 
taining French prisoners; ^e of french 
prizes taken before the decla/at^n of war 
in 1756 ; and other'extraordinary receipts, 
amounting in all to above eight millions. 
Ffiisfund, therefore, did not pay off more 
than two millions and a half, the rest of 
its produce having been employed in bear¬ 
ing the expences of (he peacb establishment, 
which, during period, were not much 

*" These deficiencies have had two causes. First, th« 
unproductiveness of some of tlie new taxes: and,sor;ondly, 
the commeDccment of the interests of rthe loans before the 
new taxes could be collected, tlie payment #f which in¬ 
terests, therefore, fell on the Sinking Fund. 

less— 
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less than double to what they had been in 
any former period. 

To the sum just mentioned, add three 
millibns paid off in the peace between 
1748 and 1756, and three millions paid off 
in 1736 and 1737 , and it will appear that 
the whole amount of the public debts-^paid 
off by the sinking fund, from its first aliena¬ 
tion in 1733, to the commencement of the 
‘American war, is only eight millions and a 
half. 

'It Jias b^en sai(^, that when money is 
Wanted for ^fraying public expences, it 
makes no dilference whether it is obtained 
by diverting the sinking fund, orby a new loan. 
I have taken notice of this fallacy in page 297. 
Money in a sinking fund, if never alienated, 
is improved, I have-shewn, at compound in¬ 
terest; .bat, \yaen procured by a loan, bears 
only simph interest. A nation, therefore, 
whenever it applies the income of such a 
fund to current expences rather than the re- 
denrption of its debts, chuses to lose the 
benefit of compound interest in order to 
avoid paying simple interest; and the loss 
in this case is eq^al to the difi'erence between 
the increase of money at|compound and sim¬ 
ple interest. The following calculation will 
shew what this difference is. 

One penny ppt out at our Saviours birth 
to five pen cent, 'compound interest, would, 
in the year 1791, have increased to a greater 
Sum than wmuld be contained in three 
5 


HUNDRED 
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HUNDRED. MILLIONS of carths, all solid 
gold. But, if put out to simple interest,.it 
would in the same time, have amounted to 
no more than ’seven shillings iand ’six¬ 
pence. All governments that alienate fmds 
destined for reimbursements, chuse to im¬ 
prove --m one j in the last rather than the Jirst 
of these ways. 
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THE EDITOR. 


The preceding account brings down the history 
of th^'Sinkihg jFund to the time in which the 
fourth edition of this work was published. It was 
the intention of Dr. Price in the fifth edition to 
have given an abcount of the new Sinking Fund 
which had been established in the year 178t); 
but, while engaged in preparing that edition, he 
was.seized by a disorder which soon terminated in 
his death, and a^t a final period to that and all 
the other ad^iti(jns with which he meant to im¬ 
prove the present work.—Being anxious in some 
degree to fulfil his intentions as well as to render 
Justice to his memory, I published in the follow¬ 
ing year (1792), an account of his writings on the 
public finances, with a view principally of intro¬ 
ducing the subject of thejiew Sinking, or Con¬ 
solidated Fund, and of noticing the great, though 
unacknowledged assistance Vwhich the Minister 
had derived from his councils in the formation 
and establishment of it. 

That pamphlet has long been out of print, and 
as 1 am uncertain^yhether I shall ever publish an¬ 
other editioh, I know of no better method of per¬ 
petuating my original design in writing it, as well 
’Is of supplying, (though very imperfectly), what 

Dr. Price 
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Dr. Price was prevented from accomplishing, than 
by inserting the following chapter, which contains 
all that is most important on the subject in that 
work. 


dn Account of three different Plans for redeeming 
the National Debt, which were formed by Dr. 
Price in the year 1786, and communicated by him 
at that time to •Mr. Pitt, the Chancellor of the 
Exche^ier. 

The measures which had been recommended jyi 
the King’s Speech during the ^mihistratSjn ^of 
Lord Lansdown were too little i^garded by his 
immediate successors, 't’he same destructive plan 
of borrowing money was adopted irf the year 1784, 
which had been invariably pursued for the ten 
preceding years, and a needless addition was made 
to the capital of the public debt of near five 
millions more than the sum atfs^ced. .When 
Mr. Pitt returned to power, the lojln^^ which w'ere 
still necessary to discbaige the expences of the late 
war, were conducted upon better principles. The 
plan of borrowing at a high rate of interest, which 
iiad been so often recommended by Dr. Price as 
the best means of facilitating the redemption of 
tlie debt, was now adoplfld, and^lmost the whole 
of the Navy, Victuallmg, and Ordnance arrears 
were funded in a stock/bearing an interest of fve 
per cent. In the year* 1786 ihis improvement in 
the method of borrowing was succeeded by others 
of greater importance. The public accoqnts were 
thrown into new order; the formed divisions of the 
taxes into four classes under tfie nat^es of the 
Aggregate^ the South Sea, the Qeneral, and the^ 
Sinking Funds, were abolishec!, and ail included in 
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one fund called the Consolidated Fund., The sur¬ 
plus remaining, after deducting from the whole of 
the taxes thus consolidated all the expences of the 
public debts and the Civil Lis,t, correspond with 
what was formerly called the Sinking Fund. Out 
of this surplus a million annually was appointed 
by Parliament to be applied to the gradual dis¬ 
charge of the public debt; and it was only what 
remained of it after this deduction that was to be 
disposable for the expences of the peace-establish¬ 
ment.—This was undoubteflly a very important 
measure, ‘and well deserving the praise which the 
Minister assumed to “liimself as the author of it. 
From a slight p/^rusal, however, of the present and 
of the other wOrks of E|r. Price, it will be readily 
seen that this subject had long engaged his atten¬ 
tion, and that \he nation is indebted to him alone 
for the first id§a of the measure, and for the very 
method in which it has been carried into execution. 
Had Mr. Vilt, therefore, derived his informatiorv 
only from thoar works, he would have had but 
little claim tp me lofty pretensions which he made 
on this occasion ; but it \tHli appear from the fol¬ 
lowing account that his obligations extended much 
further, and that the hope which he expressed in 
the House of Commons of “ having his name 
“ inscribed on a Pillar to Public Credit, as its 
“ preserver and i‘^stoTcv,\ afforded no very equi¬ 
vocal proof thathis vanity |ind amtition were equal 
at least to his merit and \nks:ratitude. 

On the 8th of January,^ 1786, Dr. Price re¬ 
ceived a letter from Mr. Pitt, of which the fol¬ 
lowing is an extract: 

“ Dear I^ir, 

“ The subject' of the papers which I enclose 

“ will, 
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“ will, I i^m sure, be an apology for the libefty 
** I take in troubling you, and in requesting your 
opinion upon them. When you have had suf- 
ficient leisure to consider them, I should be 
greatly obliged to you, if you will allow me to 
“ hope for the pleasure of seeing you at any time 
“ that is convenient to you.—The situation of the 
*' revenue certainly makes this the time to esta- 
“ blish an effectual Sinking Fund. The general 
“ idea of converting the three per cents, into a fund' 
bearing a higher r^te of interest, wi,th a view to* 
“ facilitate redemption, you have on ntanyj occa- 
“ sions suggested, and particularly in the papqrs 
“ you were so good to send m^ laA year.* 

“ rise of the Stocks hqs made a)material change 
“ since that period, and I am inclined to think, 
something like the plan I nov\l send you may 
“ be more adapted to the present'circumstances. 

“ There may be, I believe, some inaccuracies in 
“ the calculations, but not such as to be very 
“ material. Before I form anybdecisive opinion, 

“ I wish to learn your sentimenty \jpon it; and 
“ shall think myself obliged to you for any im- 
“ provement you can suggest, if you think the 
“ principle a right one ; or for any other proposal • 
“ which from your knowledge of the subject you 
“ may think preferable.” 

By the plan inclosed/ in this letter, which Mr. 
Pitt intended to have established for reducing the 
national debt, it was proposed that 107 - 3 -™dhons 
of the three per cents, should be converted into 
74-^ millions nearly of per cents, by changing 
each ^JOO stock in the former, - wh^ch bore an 
Interest of 3 per cent, into a capital* of .^()9...)0f. 
in the latter, bearing an interest) of £i...^s...^(i^ 
This would have produced an additional expence 
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of* 10,000 per annum nearly, which was to 
baye been deducted from the million surplus in¬ 
tended to be annually applied for the purpose of 
redemption ; and the remaining,sum of ^^g0,000 
was to have been employed in discharging the 
principal of this^ve per cent, stock. 

The whole of this plan seems to be founded on 
a principle which Dr. Price had often publicly 
enforced, and which he appears to have repeated 
in his private communications tp Mr. Pitt. But 
surely no p<i-inciple could bq. more grossly mis¬ 
applied. ^f a judgment were to be form^id of the 
efficacy of a conversion of stock in redeeming the 
public debts frorn its feeble operation in the pre¬ 
sent instance, k might well be concluded, that 
instead of quickening, it retarded the progress of 
redemption : for a million annually applied in this 
manner would' not have discharged the mil¬ 
lions Jive per cent, stock in less than 44 years, 
or in a shorter neriod than it would have dis¬ 
charged 1074- tFnlions of the three per cents, at go. 
In the year IfTSO the three per cents, were between 
t)Q and 70, and therefore* had this scheme been 
carried into execution, it would have been at¬ 
tended with the same disadvantage to the public 
as if 20 per cent, had been then paid on the prin¬ 
cipal, more than the market price. In delivering 
his opinion of thi? scheme^r. Price very strongly 
urged his objections to iti and Mr. Pitt appears 
from the following letter w be impressed by his 
arguments, ^ 


^Ijolu'ood Hill, Jan. lt>, l7St5. 

“ Dear Sir, 

“ I am much obliged to you for the observa- 
“ tions you have been so gcwd to send me on the 

“ papers 
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“ papers J troubled you with. They appear*to 
“ me on the whole very convincing. I shall 
“ think myself much obliged to you, if you 
“ would do me the honour to call any motning 
“ after Tuesday 'next in Downing-street, when 
“ you have ilone with the papers. And if it 
“ should be in your power to Jet me know the 
“ day before, and to fix an early hour, I can be 
“ certain of being at leisure. The reason of my 
“ making this ret^uest, is, that I think some points' 
may occur which may be better explained in* 
“ conversation than by writing, and I a»n anxious 
" to avail myself to the utrnbst of your a^sistancie, 
“ where it may be so material.' I a*m, deSr I^ir, 
with great truth and esteem, 

“ Your most obedient and faithful servant, 

“ W. Pitt.” 

In consequence of the interview which Mr. Pitt 
had requested in this letter; he was at length's© 
far convinced of the weakness ant»>sosufficiency of 
his plan as to throw it entirely aside^ ajid Dr, Price 
was induced to commtmicate to him the three 
following plans of his own. 


VoL. I 


y 


PLAN 
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PLAN 1 . 


Million per am. Surplus aided by the falling in of tiie 
Temporary Annuities, Life Ani\uities, Expences of 
Management, and converting fixty millions of the tinee 
per 'cevtL into four per cents, by providingMn the first 
' fivej.years ^dOOjDOO per ann. for paying the dift'ereme 
‘of Interest. 


Fund. Stock kedkemkd. 

3 per Cents, redeemed. 

Surplus. I,000,000at75_1,333,3:« 

Keceivtjd in Esfehange 
for six milllorfe of three 
per cents*, converted 
into 4 per cents, at 18^ 

per cent . 1.100,000 at 7i> .... t,4CG,GCC 

Interest of .^1,333,S33 


and ^1,406,600 . 

Expence of management 

.. 84,000 

at 562’ per million ., .. 
Short annuity f(/r ten 


years lapsed. 

Life Annuities lapsed, at 

jf'’20()0 per ann . 

Alanagcment on the Short 

. .125,000 

.. *2,000 

Annuity . 

351 


Received for 18 (millions 
of threc*p(cr centl. con¬ 
verted into fmir per 

unis, at 20 pci-cent. ., (3,000,000)at78_4,015,384 


One 
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.Fund. Stock redeemed. 

3 p<*r Cents, icdecmed. 


One year from the first 

payment.’ . . 1,112,926 at 78 .... 1,426,828 

Interest of ^"4,615,.‘184 

and .5^1,426,828 .181,266 

Evpenee of management .... 8,611 

Lile Annliities lapsed.2,000 

Received for 12 millions 
of three per cents, con- 
\crted into Jour 'per 

cents, at per cent. . .‘(2,400,000) at 81.,. .^,962,962 


Two years from the first 


p.ayment. 

1,299,803 at 81 ... 

. 1,604,69.5 

Interest of ..afe'2,962,962 



and .£’1,604,695 . 

.. 137,029 


Expence of management 

.. .. 2,568 


l.ife Annuities lapsed.... 

.. . . 2,000 

- 

Received for 12 millions 
of three per cents, con¬ 
verted into four per 

4 per Ceutf. reJeemfd. 

cents, at 20 per cent ... 

(2,400,000) at par. 

2,400,000 


Three years. 1,^1,400 

Inieiest of ^2,400,000 / 

and .afl,441,400 .(15S,6.''>6 

Expence of management.. . 2,160 

l.ife Annuities lapsed.I. . 2,060 

Received for 12 millions 
of three per cents, con¬ 
verted in Jour per cents. 
at 20 per cents .(2,400,000) 


1,441,400 


. 2,400,000 


Tow 
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Fund. Stock tikdeemed. 

4 per Cents, redeemed. 

£ £ 

Foui'years. 1,599,21^ 1,599,216 

Interest of 4^2,400,000 

and ^’1,599,216 . 159,968 

Expcnce of management .... 2,250 

Life Annuities lapsed.2,000 

Exchequer Annuities lapsed.. 56,250 


Five 3 iears'.... 1,819,684 1,819,684 

Interest Of .sf1,819,684*_ 72,787 

Expellee of manag'oment .... 1,023 
Life Annuities lapsed.2,000 


Six years.i. 1,895,494 1,895,491 

Interest of j£’l,895,494.75,820 

Expenee of management.1,066 

Life Annuities la^ed.2,000 


5 per Cents, redeemed at par. 

1,974,380 1,974,380. 


Seven years 
&c. 


&c. 
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Fai ;; Revenue. Stocks 

Ill 25 years uuer 


the first pay- ^ £ 

incut.5,190,980 .. 13,109,809 three per Tents. 

* 52,959,990 four per coats. 

*• 19,953,049 live per cents. 


Total .^80,323,508 

in 30 years after 
the first pay. 

mciit.653’45,566.. 13,409,809 three per cents. 

* 81,128,473 fous per .cents. 

111,953,049 five per cents. 

- 1 —• 

Total .^114,491,991 


In 35 years after 
the first pay¬ 
ment .7>ol 1,358 .. 35,G33,025i three per cents. 

93,074,910 four per cents. 
19,953,049 five per cents. 

Total .sfl48,GG2,199 


In 40 years after 
the first pay¬ 
ment . 8,731,523 .. 75 , 557,308 three per cents. 

93 , 074,916 four per cents. 
19,953,649 five per cents. 


Total .^188,585,-^73 


* 111 tlik plan *25 million* of «:tock aco.paid off in seven years. The 
t'luc per cenfa, therefore become redeemable at par, and the whole debt 
Ml that stock is diseharj;ed at the end of 15 years. From that period the 
pf!} ment of the four per cents, ai^ain commences, a^id the whole of them 
paid off in tlic 32(1 year, from w hich time the 'throe per ctnff. coBttnue 
"R bi> redeemed at par during the remainder of the term. 


Pl,AN 
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PLAN ii: 


Million per annum Surplus, aided by the falling in of the 
Temporary Annuities, Life Annuities, Expence of 
Management, and ^^600,000 per^ ann. added to the 
Million Surplus by new Taxes,,or Savings, in the first 
five YearS without Conversions. 


FuNf.. Stock redbembd. 

3 per Cents, redeemed. 

£ 

Surplus. 1,000,000, at 75 _1,333,333 

Intere.st. ft . 40,000 

Alanagement .. .^.7*0 

Annuities lapsed .P5,000 

Management on those 

Annuities.3.51 

Life Annuities lapsed .2,000 


One year.!_ l,o)\S,101, at 78_ 1 , 360,360 

Interest.^1,081 

Management.• 770 

Life Annuities lapsed . .'52,000 

Additional tax*.60,000 


* The additionat taxes have been introduced into this Table a year 
too late, by which th^ Fund loses the interest of =£600,000 for a year, 
•■.'.lat is, ^'24,000; which would have made the free revenue, after 40 
year,-, about .£4000 more than it is by this Table, and the total of Stock 
redecn\ed in the same time about sfilOOjOOO greater. 

Two 
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Fund. Stock REDEElsiED. 


3 per Cents, redeemed. 

£ £ 

Two years. 1,171,952, at 81.... 1,4^6,854 


Interest.f.. . 

Management. 

Life Annuities lapsed .. 
Additional tax. 

.814 

2,000 

.180,000 


Titrec years.. 

Interest . 

Management. 

Life Annuities lapsed.. 
Additional tax. 

4 per Cents, redeemed. 

.. 1,398,171, at par .. 

. 55,927 

. ►780 

...... 2,00C\ 

.. .. 120,000 

. 1,398,171 

Four years.1,57^,884 .'. 

Interest. 63,07.5 ' 

Management.887 

Life Annuities lapsed.2,000 

Exchequer Annuities lapsed 56,2,50 
Additional tax. 120,000 

. 1,576,834 

Five year*. 

Interest. 

Management. 

Life Annuities lapsed . 
Additional tax. 

.. 1,819,090.. . 

. 72,703 

.’! 1023 

.2,000 

..,.120,000 

. 1,819,090 

Six years. 

Interest. 

Management. 

Life Annuities lapsed.. 

.'.2,014,882 . 

80,595 

..1,123 

.2,000 

. 2,014,882 

Seven years..... 

&c. 

,. 2,098,600.,,'.... 
&c. 

. 2,098,600 
&c. 


la 
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Free Revenue. Stocks rjbdeemed. 

In 25 years .. . 5,212,370 .. 21,258,225 three per cents. 

32,76’;)^‘J 18 four ])er cents. 
* 19,968,61*1 five per cents. 


Total J 73,996,831 


In 30 years .... 6,069,709 ,. 48,983,157 three per cents., 

32,769,418 four per cents. 
19,968,,691 five per cents. 

Total £\0\,^2\,2G6 


In'35 )»:ars .. v. 7,060,130.. 81,258,874 three per cents. 

32,769,418 four per cents, 
c 19,968,691 five per cents. 


Total ^133,996,983 


In 40 years .... 8,206,994 .. 118,784,226 tliree per cents. 

32,769,418 four ]ver cents. 
19,968,691 five per cents. 


Total . 5 ?! 71,522,335 
_s_ 


» At the expiration of 13 years .£20,780,3.’,.') in ihefour prr cent^. ami 
4,974*,151 Stock in the three per cents, are paid off. i’lom this period, 
tUerefore, the Jive per rents, become redeemable. These are all di^- 
cha/ged Ihe beginning of the 20tli year, and in two years more llie re. 
maindcr of the four per cents, is redewred. Urom the 22d year the ihitt 
per cents, are paid off at jV.r, to the effd of the term. 


PLAN 
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•PLAN 111. 


Million per anvum Surplus, aided only l)y tlie falling 
in of the Temporary Annuities, Life Annuities, and 
L-spenec-s of Management. 


Ft^ND. StoCI? RESfiBMED. 

])er refits,^'.edcejhed. 

Surplus. 1,000,000, at 7o • • • • 1,333,333 

Interest. 40,000 

Management .7'‘>0 

Ten Years Annuities lapsed . . 25,000 
Life Annuities lapsed.2,000 


One year.• 1,067,750, at _1,368,910 

Interest.41,067 

Management.770 

Lile Annuities lapsed. 2000 


Two years..,! 1,111,587, 

interest.41,170 

Management...• 772 

Life Annuities lapsed .2,000 


at 81 .... 1,.'72,329 


* Since these Tables were coropnteil, tlie^expenccs of management 
liJiM- been reduced to .t'450 per miUioii per ann .; but the difteienc^^iis 
iiiak.es lu the results is too iuconsiderable to deserve notice. 


Three 
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Fi xe. Stock iiedek.med. 

< 



4 per Cents, redeemed. 

£ 

£ 

’I liree rears. 

. .. 1,155,520, at par .. 

. .1,155,521) 

Interest. 

.4(:,22l 


Maiiaj^ernent. 

.fi.lO 


Life Annuities Itipsed. 

.'2,000 ■ 

V 



Four years ^. 

Interest. 

] ,204,400 .. .. 

.. 48,170 

.. ..1,204,400 

M.anaireineut.. 

Life .Annuities lapsed. 

tyxeheqijer Aiinuilie^lapscd 

. (hi 

,. . . 2000 
.. 56,250 



l^'ive years. 

.. 1,311,503 _ 

.. .. 1,311,.503 

Intere.st.\ .. . 

.... 52,460 


Management. 

.738 


Life Annuities lapsed .. 

.2,000 



Six years.. 

. 1,366,701 _ 

.... 1,366,701 

Interest. 

. 54,668 

Management. 

.76.9 



Life Annuities lapsed.2,000 


\ 

Seven years.1,424^138 

&e. ^ &c. 


• All the redemptions in theje plans, after the first three years, are 
supposed to be madeat par. Exchequer Annuities, amounting to st‘80,000, 
lall to me fond in (he 20th ,\e«r, and .i'40-),S32 ^«r ann, (being the 30 
sear* annuity) in'llie 22d year. 


1,421,133 

&c. 


Fbee 
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Fkee Revenue. Stocks dedeumijd. 

£ £ 

In 25 years.3,892,831 . . 4,071,572 three per cents. 

30,3.')0,243 f’oiii [KTjceiit'i. 
18,039,875 five per cents. 


Tot;| .^52,504,6-90 


In 30 years. 4,579,731 . .21,056,177 three per cents. 

34,28.3,074 tb\»»per cents. 
18,0.39,875 five per cents.' 

•Total .^73,379,126* 


In 35 years. 5,330,252 .. 45,4 Wi,59 5 three per ctfIS. 

.. 34,283,074 four per conts. 
18,039,875 five per cents. 


Total jf’97,739f544 


In 40 years ... .6,196,104. 73,747,452 three per cents. 

34,28.3,074 four per cents. 
18,039,875 five per cfents. 


Total .^126,070,401 


£XPLA- 
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EXPLANATIONS AND REMARKS, 

r.Y 

DR. Pr!iCE. 


IN the, first of these plans’'the three per cents. 
are supposed at Jb, aud the difference of price 
between them'’and'hew four percents, supposed to 
be niade first redeemable when under par, but 
ri redeemable when above ^par till 6o millions of 
other stocks were redeemed, is reckoned-at 18^.—• 
The iriarket diffeience of price between the present 
four per cents, redeemable at pleasure, and the 
South Sea three per cents, when this plan was 
fo.’-ined (the latter being then at 68) was above 20. 
W as it not reasonable, therefore, to e.tpect that 
the holders of these annuities would eagerly have 
taken at 18J- per cent, an exchange of them for 
s\]ch new four per cents, as those just described, 
and therefore much more valuable ?” 

“ .::Lh8.. . 6,':. . . 8d. for every ^100 three per 
cent. ,«tock converted into ^a four per cent, stock 
would have produced just ^1,100,000 for the 
conversion of six millions. iL20 for the conver¬ 
sion of every ,£ \ 00 stock \y)uld have produced 
> ,200,000 for the conversion of six millions.” 

“ This conversion was taken in the first plan at 
IS-V per cent, the first year, and only six millions 
were supposed tp be converted, and ..^1,100,000 
then gained for thp fund; because the first year 
vvu'B sujiposed to be a year of experiment only, and 

therefore 
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therefor^ more liberal terms were supposed tA be 
offered,—Should the experiment have succeeded,’ 
and the difference of price between the three per 
cents, and the new four per cents, havg risen 
above £‘20, the former being above 75, acju- 
versiori might have beVn offered the second >ear,, 
at 20 per cent, of 18 millions into four per cents, 
not redeemable till a larger amount of stocks 
should have been previously redeemed ; -and after¬ 
wards in the three following years, k third, a 
fourth, and a fift^ conversion, at ^he same priCe 
of twelve millions each year as spesified in this 
plan, the amount of stocks to be previously, 
deemed to be increased every successive Jear ; in 
consequence of which, the last 12 millions would, 
without any effect on the efficiency of the plan, 
have come to be declared the Itst redeemable of 
108 millions.” ' 

“ Should the Stocks have risen, as is supposed 
in these plans, greater sums than these specified 
would probably have been gained by thQ proposed 
conversions, and therefore the yesults in tlie first 
plan increased.—Thtfre were advantages, not im¬ 
mediately apparent, which would have been gained 
by these conversions.—First, the public yvouid 
have availed itself by them of the want of con¬ 
fidence in a plan of redemption vvhich must more 
or less have taken place at first. For the less the 
public confidence bad happened to have been, the 
greater would have been the effect of the regulation 
proposed in raising ^he valhe of the new four per 
cents, and consequently in gaining money for the 
fund.” 

“ Secondly, it is particulgu^y worth attention 
that it would have diminished tl»e l<5,ss that might 
have accrued from an interruphon of the schwne, 

should 
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shoiild an interruption have happened after 
< 5 ^ 600,000 per ann. had been added to a million 
surplus for carrying on the scheme. Should, for 
instancy?, the scheme have been interrupted in the 
seventh year of its operation, and' after the fund 
.had increased, according jo the first Table to 
1,974,380 and redeemecf' 25 millions, and, by 
the 2d I'ablc, to ^-:^'2,098,600, but redeemed 
only eleven millions; the public would have 
gained, by^the measure of conversion, the excess 
of the interesf of 27 millions ^bove 13 millions; 
and, therefore, the addition of, £?000,000//T> ant. 
h, .tlie fund in the first five years (which both the 
first ,ancf second Table suppose) would have been 
nearly replaced, if the plan in the first Table h.iil 
been adopted. Two advantages, tficrefbre, would 
in this way have been obtained.—1st. The advan¬ 
tage of a redem}ition of fourteen millions more 
than could have been redeemed by the [)lan in 
the 2^1 Table. And, 2dly, the advantage (should 
the scheme have ever been resumed) of having 
Ijad 60 millions o,f four per cents, to be redeemed 
by a Sinking I'und, instead o'f 60 millions of three 
per cents, and conse(|uently a much more easy 
and rppid course of redemption.” 

“ At the end of the 40 years it is to be ob¬ 
served that tlic plan iii the first Table would have 
redeemed lb8p miHions, and the plan in the 
S(;cond Table 171 - 4 - millions; but that even in the 
first four )ears the first plan would have redeemed 
in the same lime only by millions, and but little 
more than the plan in the tliird Table. This 
p(.inted out a f’rther and a very considerable re¬ 
commendation of Hip first plan, and that was, the 
particular vigour- with which it would have opc- 
rat^ed at its outictj'-whcii vigour was most wanted, 

and 
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and would consequently have brought lhey,Vey)fe' 
cents, into a course of redemption in six. years, 
which would not have been done by the second 
plan in less than 13 years, nor will it be dojie by 
the third (which is now carrying into execution) in 
less than it) years." 


Such were the'observations and’argiunents urged 
by Dr. JPi'ice in favAur of the first pla%. But the 
Minister chose to adopt the tliird and tba weak^'f^;^ 
from an apprehension, if lie adt)ptcd*either»of the 
two other plans, that he sliould be obliged’ to 
load the country, in thd course of five years, with 
new taxes to the amount of half a.million. i hippv 
had it been for the nation if he ISid alvvays enter¬ 
tained the same apprehensions. — But he soon 
threw off every anxiety of this kind, and in 
a much shorter term tlian five years had very 
little hesitation in creating new taxes’ to the 
amount ofcn? 7 ia 7 H' ffr purposes ill 
calculated to assist the operations of the Sinking 
Fund. ^ 

From the inspection of this plan it appears that, 
with the aid of the teirqiorary annuities, the ap- 
propriated million will in 26 y^ar.s increase to four 
millions per annum, and redeem above 5(j millions 
of Stock, and that in 40 years it will increase to 
more than six miliiotis pn- cmnvm, and redeem 120 
millions of Slock.—init it was directed by a clause 
in the Act of Parliaincnl which established tbi; 
plan, that the accmnnialMii of fund should be 
limited to four millions a yeilr, ajid tonscquently 
that the operation of ccanpound,interest should be 
changed into that (A simple interest just at Ttie 

time 
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tiirt’e vvhcn it would have redeemed a greater por¬ 
tion of the debt in the next 14 years th'an it had 
don'e in the 20 preceding years. Compared, 
however, W'ith what Mr. Pitt first intended to 
have established, it deserves resyfect; and tliough 
enfeebled an;’ mutilated li/ his alterntions, it cer¬ 
tainly aas capable of ha’fing done much in le- 
lieviug the country fro.n the press’ < of its 
burthen^ But the public debts ha iiicreast d 
since its establishment in a degre:: so v-normous as 
to render it now a matter of 1 fUe consequ' m e 
what pjan Minister may ‘chuse to tidopt tov 
‘heir redemption. 

'rhef foHovfing ‘statements exhibiting a view of 
ihe national debt in the year 1786, when i’no 
Consolidated Fund was firk established, corr;i>arcd 
with its amoim) in 1802, afford but litiie en¬ 
couragement tohiope, from the direction in which 
Mr, Pitt and hissuccessers have proceeded in their 
management of the finances, that the redemption 
of the public debt is likely to be soon accom¬ 
plished, "unless it be by a process whose operations 
are very diff'e/enl from thos(r,of cum[>oand interest. 


Amoanf 
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Amount of the Fcnded Debt in the year 1786.* 

se ' ^ 

131,202 Exf.'hcquer Annuities for 8 and 
•>2 years then worth at 5 per 

cent*.... . 1,.1~9,000 

2o,000 Bank Annuitir* for 10 years Do. 88,500 

82,317 Life Annuities,!taken at 10 years- 

purehase . .1 . 823,170 

680,375 Bank Annuities for 70 years, 

then worth at 5 per cent .... 1,3,274,117 
404,332 Do. for 24 years Do.5,579,781 


1 ,323,2261 Life and •Temporary Annuitfes, 

then worth-.. ^1*124.568 

Stock in the 3 per cent. Bank ai^d South 

Sea Annuities .*..187^*^11-254 

Ditto in the 4 per cent. Consolidated Bank 

Annuities .*,. 32,750,000 

Ditto in the 5 per cent. Bank Annuities .... 17,869,993 


Whole capital of the Funded Debt. . .^^259,355,815 

The annual Interest and other charges payable on ac¬ 
count of this debt was stated in the Report front the 
Select Committee of the House of Commons, to be 
.^9,266,940. 


VOL. I. 


Z 


Amount 
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Amount of the Fundkd Dbei in April 1802. 


j^80,223 per ann. Exchequer Annuities, • ^ 
expiring in 3, 4, and 5 years, 
worth in present money* .... 207,002 

Life A*nnuities granted chiefly before tlic 
present reign, and amounting to fs, 102 
per annum, valued at 7 yeaw purchase... 528,44 4 

Annuities with benefit of Survivorship a- 

niounting to ^£".540 per ainnim . 18,000 

^423,039 per annum Bank Annuities, ex- 

'• piring in 1808, now worth.. 2,236,900 
jf’1,001,355 per annum Ditto, expiring in 
* IfiGO, now worth . 22,521,300 

(t, ' _i-,-i. 

-,'^^’resvnt value of Life and Temporary Ann’. 25,511,6 !6 
Stock in.the three fer cent. Perpetual An- 

nhitiesf. 466,674,587 

. four per amt. Ditto. 49,425,08.% 

. five per Lent. yyitU) . 50,478,0.52 

Borrowed on a Tontine in 1789 . 1,002,092 


593,091,156 

Deduet the Slock redeemed by the Sinking 

Fund. 59,588,904 


533,502,55'-' 

Imperial Loans, Stock in the’ 

3 per cents, unredeemed .... 7)193,906 
,i 230,000 per ann. for 18 years 

worth.2,931,120 

-.. .10,125,026 


I'nredeerned Funded Debt of Great Britain .P.'b (3,627,578 


* The vahir^ of thesr nnd !lio folionnnuitirs have boon computPil 
at four -per cent, and on the supposition that they art* jni\ablf‘ halj-y> arlu. 

i 01 this Stock X l8^CK)l,148 are stall 1 to bo redermpd b\ the ot' 
Iho I-aiid Tax } but while that tax is nni ually taken in the ** Was > and 
Means” at the usual sum of two milloos, it would be as nb>urd to 
deduct the stock thu«; redeemed from • amount of the public debt, a- 
it would be for a persowho had sold nis estate to continue reckoning 
the produce of il as a part of his yearl> income. It has, indeed, of kite 
been the custom to d^ ii^natp this tax by a different appellation, and tx> 
<all it a “ tax of 45. in ‘he pound on peiixions, place?. <!xc.” leaving ti e 
w^..d land entirely out of the account. But such subterfujei aie '.o.> 
contemptible even for those who bayc ferburse to thc'n. 
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In the year 171(3, when Sir Robert JVaifjole 
undertotlk to redeem the public debts, they did* 
not much exceed the sum of 46 millions :*But 
during the courte of 22 years accumulatio^n and 
redemption proceeded with such equal pace,’ that 
in December 1738, Ivhen the produce of his 
Sinking Fund was vvh|lly alienated, those debts 
arrTounted nearly to the same sum with which he 
commenced Ins operations. In the ycjr 1/86, 
wlien Mr. Pitt eng.aged in a similar process, tlie 
profusion of his^ [)redcccssors had so lar exceeded 
their eepAomy, as ft/ increase the piihiic (lebts to 
259 millions; but in less than 16 yeur& from.tlj.e 
establishment of his fund, alth'buglt 60 millions 
nearly had been redeenjed in the mean time^ 
those debts had swollert to the enormous sum of 
fi43 millions, and the annual expeBditure necessary 
10 provide for them amounted to'sue!’ a sum as 
would have been sufficient in two years to dis- 
f'harge the whole debt when the first Sinking 
h’und was established by Sir Robert Ji'alpulc ! 

It should be observed that, in addition to the 
million appropriated to,the redemjltioti of the debt 
in 178O, the sum of .^200,000 was annually 
' oted by Parliament for the like purpose, and tha^ 
these sums, assisted by the temporary annuities 
•.vhich have expired since that period, had re¬ 
deemed 40 millions nearly. Jlic remaining 20 
millions have been discharged by another Sinking 
h'and established in the year 1792, agreeable to 
the plan recommended in tl7e preceding chapter 
of this work;* the dlsign of which was to pro- 
'■jdc that “ in all futire loans, £\ per eent. on 
’he capital borrowed should be applied annually, 


4 

* See page 285. 

z 2 togetlier 
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lo^dthcr with the accumulatino: interest, (o the 
Redemption of that capitital.” In consequence of 
the unprecedented expenditure of the last war, the 
annuaVarnount of that fund, exclusive of the in¬ 
terest on the stock redeemed, exceeds ^2,500,000. 

. Nor does this sum, great a^d enormous as it must 
appear to be, give an adeqfate idea of the whole 
expenditure of that disastrous period. Tlie Mi¬ 
nister linking himself unable to proceed any longer 
on the system of funding, had recourse during 
the last four,years to a variety o'f expedjents for 
raising the supplies : such as forced loan^,, volun-> 
1:a-ry‘contributions, tripled assessments, and above 
all to that solid system of finance, the 7ax upon 
income, which was to have discharged the debt 
almost as soon as it was contracted. But these 
wretched expediants having all failed, they were 
successively abandoned, and the Minister was 
again obliged to have recourse to the old system 
of funding, which he had so lately declared to 
have been entirely exhausted. By chusing to 
confide to tiiose expedients rather than to make 
eft’cetual provision for the vdebt, new taxes be¬ 
came necessary for ^56,445,000 funded on 
the credit of the Income Tax. This debt, to¬ 
gether with .#28,750,000 funded in the year 
! 602, requiring above two millions and a half per 
annum, to be raised isaerely for interest, it was found 
impossible to raise a further sum of #350,000 
per annum for the redemption of the debt. Hence 
dm new Sinking Fand w^ abar»doned, and a 
debt of 85 millions createo without any parti¬ 
cular provision for tlie disch arge of it. In order, 
however, to console the natfon on relinquishing a 
measure foR' which the Minister claimed so much 
civdit to himself imd the country, anew expedient 

was 
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was adopted. In lieu of the two former Sink¬ 
ing Funds a new one was established, which 
by lessening the means, was said to hav? the 
surprising effect of increasing the power^of re¬ 
demption. By this plan all the debt created be¬ 
fore and since the ye.ani/SO was consolidated, and, 
the sums which werej separately applied to the 
discharge of the old and neiv dbbt were united in 
one account and applied to the discha 5 ge of the 
whole. I'he sum of ^200,000 annually voted 
by Parliament aid of the Sinking Fund was also 
made a, perpetual ^rant for that purpose,,and the 
accumulation is no longtM- to cease, 'as in. ^ha' 
former plan, when it has amounted to 'a given 
sum, but is to proceed until the entire redemption 
of the public debt is completed. The assistance, 
however, which the fund was t to have derived 
Irom the falling in of die temponrry annuities, and 
the reduction of stock bearing 4 and 5 per cent, 
to a lower interest is now withholden from it^ and 
the Minister has already antidpated som^ of these 
future resouroes by borrowing money on the re¬ 
version of them. Bui notvvithstandfng this antici¬ 
pation—notwithstanding the new Sinking Fund is 
c'harged with the payment o/ S5 millions mote 
than the two former ones, our pros()ects are said 
to be highly improved, and it is demonstrated by 
a long sciries of computations^ that if the nation 
should be blest with an uninterrupted course of 
peace, and the management of its hnauces be as 
much distinguished for economy as it has hitherto 
been for the want ofiit, that the debt will be dis¬ 
charged, and every |iiciunbraiice removed about 
the middle of the present ceirfury ! If any are 
soothed by such jirospects, lef iliupn look back to 
the events of the hst century—i-lct them recoff ct 
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that‘40 years of it have been consumed in war, 
/md that more than 540 millions have been added 
during: that disastrous period to the permanent 
debt of the country. With such woeful experi¬ 
ence of the past, is it possible 'to look forward 
.with confidence, or even with hope to the future? 
While the same passions firevail among the go¬ 
vernments of the world, must not the same con¬ 
sequences inevitably follow ? Can any pereon be¬ 
lieve that the present century will be exempt from 
the calamities of the last; or that in the war in 
which we are now engaged, the enormity, of thd 
taxes will 'hot render if'necessary to alleviate the 
public burthens* by making fresh inroads into 
the Sinking Fund ?->-Perhaps the Minister will, 
like his nredecessor on a former occasion, con- 
sole the countny by observing that “ a few 
years in the exikence of a state are not to be 
counted, and therefore that it is of little con¬ 
sequence whether the bright prospect of re¬ 
demption shines upon the middle or the close ot 
this century.”.—lUie present relief produced by 
the alienation' of the fund idll give force to these 
delusions, and in proportion as its operations are 
orvfe^bled and prolonged, the public will become 
less anxious about it; until. losing all concern for 
the interest of a remote posterity, and glad to 
procure even a temporary relief from the growing 
pressure of their burthens, they abandon it alto¬ 
gether, without any other prospect of the debts 
being terminated than by the utter extinction of 
the credit and resources of tlfe country. M. 

* See the preambk: to the Ac^for establishing the new 
Sinking Fund.' 
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Note (A). See Onestion III. Page 11. 
Let E be any givt|i expectation of Life; anel* 

4 L j .r ♦ ^ 

■—X px will be the number of persons alive 

at the end of x years, arising from p persons left 
annually as widows (or added annually to a tov^n 
-or socic*ty) at thft age whose expf’r^lation is E. 
The maxim7im, therefore,*is always pE »-! In Mrj^ 
DeMoivre^ Hypothesis, E is alvVays -J^ the differbTice 
between the given age and 86. See the Note, p. ‘2, 
and the latter end ol* the Note in p. SQ. See 
likewise the beginning of the First Essay, in 
Vol. II. and Note (K) in the following Notes, 
where the investigation of this rule will be given. 

It will not be amiss to give the following ex¬ 
ample of the application of this rule. 

At the time of the commencement of the 
scheme among the .ministers i!nd» professors in 
Scotland for making provision for their widows, 
it was necessary, that a calculation should be made 
of the number of widows that would be upon TTie 
scheme at the end of every year till they came to 
a marimum, on the suppositiejn that, (agreeably to 
vviiat particular enquiry had shewn to have hap¬ 
pened for many preceding years,) 20 new widows 
would be left every year*. , In order to make this 
calculation, let 4 oii the 20 widows be sup[)osed 
to be under 32 year! of age when left; and let 28 
be supposed their iijean age. JLet the same num- 

* For a term of .'!5 years and eight Jndnths, being from the 
commencemeut of t:;e sch''riie to the year 1783, this nmnbcr 
■vas 19 


2 


her 
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ber be left between 32 and 30, and let 35 be their 
mean age; between 3g and 47, and 43 their mean 
age ;• between 47 and 57, and 52 their mean age; 
between 57 and the extremity of life, and 63 their 
mean'Ige. The number in life together to which, 
in 10 years, 4 widows left Annually at the age of 
28 will grow, is, by tha rule, (E being 29 ) 

X 40, or 36 . 55 .——The number alive at 

llD 

' J !() —20 /r • 

the end of 20 years, will be —X 80^ orOO.2. 

A\ the end of 30 years, the nv^mber alivf will be 

8(); of 40/fears, 104.82; of 58 years uO.-- 

Theife num'bers, foijnd in tlie same way, for the 2 d 
class., (bl being 25.5,) at the end of 10, 20, 30, 40, 
and 51 years, will be 36 . 7 —64.31—84.7—97-25— 

102 -For the third Class, (E being 21.5) at the 

end of 10, 20, 30f 40, and 43 years, 35.34—61.4 

—7S.13—85.6—86-For the 4th class, (E 

being 17) at the end of JO, 20, 30, and 34 years, 

34.1 1 — 56 . 47 — 67—68 -For the 5th class, (E 

being 11.^) at the end of 10, 20, and 23 years, 
31.S—45.2—>)6-j The whole number, there¬ 
fore, consisting of all the chasses, will come to a 
maximum nearly in 58 years; and the totals iii life, 
ah the end of 10, 20, 30, 40, 50, and 58 years, will 
be 173 . 37 — 293 . 58 —364.83—401. 67 —4 18 . 

These determinations suppose none to marry. 
In 10 years, from 1?67 to 1767 , I have been in¬ 
formed, that but y widows married. Let us then 
suppose, that one widow of tlie first class marries 
every year; and let all tliabmarry be supposed 
to continue, one with anothci, 5 years in widow¬ 
hood before they marry. On( these suppositions, 
the foregoing toUilji cvill, at the end of the same 
periods of year's, ^ be 169 . 23 — 262 —347.5 — 
380*17—394. 

These calculations are made from Mr, Dc 

JMuivrts 
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Moivres Hyothesis. Had they been made, ex¬ 
actly fro'm Dr. Halleys or the Nortkci7!!pU)>t/T:i\Ai;^ 
the results would have been very nearly the stime. 
See morc on this subject in note P'.(a) 


(«) This theorem is deduced from a fluxional computa¬ 
tion in Note (K) ; but it m^ demonstrated without havinjj • 
recourse to fluxions in the! foJlowiug niannar: Suppose at 
the lime of admission tliere were 50 persons aged 36’ years, 
or a number equal to their common complemen^. Suppose 
also the same number were added annually at the same age 
of ,K>. In tire r^ctangled isosceles triangle AUO let A& 

^ BO*jj be = 5^ or the A , 

complenvJnt of a lim at 36 „ < 

.-CD f= DO) be := 49, KI‘ V' 

( = FO ) be = 48, and so on. , 

Ifcnce BD will be = 1, BF . 

— t?, BH —3, &c. By the hy- 

pothesis of an equal decrement \ 

of life it is evident tiiat uii- \ 

der the circumstances of thi.s \ 

case the aiea A BCD, or \ 

CAB-BD \ 

———-X BD will exprc^s 

the number of annuitants at 

^AR ^ BF 

the end of the first year ; the area ABEF, or lii -X BF 

t 

the number of annniiants at the end of the 2 d year; the area 

ABGH, or ---X BH, the number of aanuitants at 

the end ot the 3d year, and so on. If the number of 

B "■* AC 

years be x, the annuitants living will be -—— x x, or 

» 

4E — X .. . 


If the number of 
2 AB — X 

---X X, or 


—-— X X ; for AB being constantly = .50, or the com¬ 
plement, will be twice the expectation, or 2 E.-As 50 or 

2E, (the numbers of persons* admitted annually) is to 
4E — X J 

- - -X X, (tlio nuirper of annuitants at the end of x 


years) so is any other nuifiber (p) j,-Clum¬ 

ber of annuitants in the same tinae froja fp) persons admitted 
yearly at the age whose expectaiiou is t; and when x beqpni'iS 
equal to Bo AB = 2 £), tlx> number of antmitnn'.s will 
arrive at its maximum, and be constantly expressed jjy the are* 
yE. Q.E.D. M. 


— K px, the nura- 

II) persons admitted 
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Note (B). Question VI. Page 23. 


JL^ET r signify the sum cjc and its interest, 
for one year. The value of a life, whose 
complement is n, being (by Mr. De Moivre on 
Annuities, 4th edition, p. 14, and page 100,) 

---T—-;—- he. the present 

value Op the‘remainder pf it after ttvo yeai's must be 
-f —A Scc.'^which is equal to 4 X — X 

7ir\ 7ir* ^ 71 

7i — 3 — 4 n — 5 . 

r— 4- + --r:- , ScC. 

n — 2r n — 2r‘‘ n — 2r* 

Now is the ()resent value of due at the 

end of two years. —is the probability that a 

life, who^e complement is n, shall continue two 

n - 3 , n - 4 « _ 5 . 

years, and Trrrrrr-I 4- -[- —z=r— &C. IS the 

n — ‘ir n — i’r** n — 2r* 

value of a life tw’o years older than the life whose 
cpj;nplement is n. And, therefore, (since any num¬ 
ber of years less than n may be substituted for 
two years) the first rule given in this Question is 
right (p). 

The 


(SJ The rules ui this aiti. the following Notes are tlrnion- 
.'tr.itfil rather iTKiic satil.ictonly, anckwith equal ease and per- 
-spieuity, from the real probabVliii-.s i tt life. 

Let a lepresent the number of ersons living in the table 
at tl.e age of A, and /*. c, d, c, fee. the number living at the 
end of the Ist.i 2d, 3l,‘'4tli, &c. years from the age of A. 
Now since the value q' an annuity on the life of A is known 

to L?* =-L — T -f- —&c. the value of tliis annuity after 

r.r ur^ ar' 


tw© 
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The same process, applied to joint lives, will^de- 
monstrate what is said in the Scholium. 

d € f' 

two years on the same life will be = •—-h — , kc. = 

• cr’ ar* ar^ ' 

I c d e c . 

X — X — H-- + -71+ &c. But — )$ the probability 

a cr cr‘- cn i a ' 

• d e f 

that A lives two years, and the series — +-1- —, &c. 

cr cr^ cr^ • 

is the value of an annuity on a life two years older than A. 
'J'he general rule therefore in the 6'th Question is right; for the 
^re:isoning,;ipplied td this particular case will also apply to a^iy 
'^ther interVal between the present time and t!tej)eriod at which 
the annuii^s to commence. M. 


Note 
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Note (C). See Question VH. Page 25. 

Let the coiBpleinents of any tvo assigned lives 
Be 71 and m. • The present valte of the fitst pos> 
sible pAyment of an annuity to be ei^oyed by 
‘tliE''‘'lif(^ whose co»np]cment is 7i, provided both 
livet. continue 7 years, and the life, whose comple- 
rnciit is n survives the other after that term, is the 
proba))iiil\, that the life of the expectant shall 
cominue 8 years’ and the other life 7 years and 

then fail in the 8 th year, multiplied by — , or by 

/ii'^ebunted for 8 years.—Tiie probability that 
the life of the expectant shall continue 8 years is 

— . The piiobability that (he other life shall con- 

tinue 7 years is The probability that it shall 

rohttnue 7 years, and fail in the 8 th year is 

X 1 —— f~ri' he probability, therefore, 

that the life of the expectant shall continue 8 years, 
and the other lifecontinue 7 years and fail in the 8 th, 

- — 8 1 

X -; and the present value of the first possi¬ 
ble payment of the annuity su rposed, X 

See The Doctrineiof ^'hinuitics, by Mr. Simpson, 

6—15, of his*i9l/rci Exercises, p. 315, &c.- 

in l^Jte manner, the present value of the 2 d pay¬ 
ment. 
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ment, at the end of the 9 th year, may be foynd 


to beXI 


m • 
m ■ 


9 « 


X ^; and 

nr' m • 


the present value of all tlie possible payments. 


a X X i + X 1+^ 

nr m nr^ m 

1 72—7 

But this series is equal ^0 X- 


-10 . 

—r- X —, &c, 

nr’ ni 

m~7 

X - X 


n ■ 


n — S 1 

ir=rTr X-f- 

n— 'r w — 7 
•-— n — 8 • 

he. >4 

72 — 7^ 


/2 — y 2 72 — U) T 

X — _ + —^ 

* m —7 w —7r’ m—7. 

, ’‘-9 2 

- -f- —X-- ) &<?. 

m — / n — i r’- %ni ^ 7 


■ tr^ 
1 


is the vaf^ of an annuity* for a life saven years 
older than the expectant, after*anoriier life sef^n 
years older than the life whose complement is> m. 

X ~—^ is the probability that both the 


n 


1 

assigned lives shall continue 7 years. And — is 

the value of ..=£1 due at the, end of 7 years. The 
rule, therefore, given for solving this question, is 
right. • 

This elemonstrntion, as well that in the last 
note, is, for the sakc*of more ease and clearness, 
a[q)lied to the hypothesis of an equal decreinentof 
f.fc. It docs not, however, depend upon it, Imt 
may be applied to any table of observations (y). 


(7) Let .7, />, c, <u r, f, he, rop?e5cr.t the sr.inCMiunntitie* 
as in ihe preceihnj f.ef lepicwni the number of 

persons Ining at ihc age ot it, and //, o, p, q, s, 6 iC. the 
Dumber living at the e.'ici of ihe Itt, Cd, .8ii, &c. years from 
ilieageof B.—By reasoi.mg in Ae same manner with Dr. 
/'j/lY' in the .soh'.unn ot lais qne>tioii, and suppo,ing the first 
payment ot the am,'jiry lo becoiiic due at ihe end of the 

■i’ll year, its present valut^ will be — —Jx ^X 

• tK-j-* airtr* 

--the present value of tfie payment at tlic end 

dr dpr • 

of 
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f ^ rzl 

a Dir^ 


An X / 

amr^ dr^ dpr* 


\f 


of the 5 th year will be 
——the present value of the payment at the end of the 6th 

^ ^ JP 

a 


year 


nr p 

ar will be = - X - 


amr^ ^ c??<' 






ftp) 


■, and so on. 


• Hence the w'hole value will be = - - x -r + rr + vt> &c. 

amr* dr dr^ dr' 


djy (‘(j v't * 111 

— —A X ~r- + j -—h —: + &c. Let A and A B denote 
amr' dpr dpr^ dpr' 

the respective values of annuities on the single and joint lives 
of two persons ,3 years older than A and B, and the general 

V / I * 

value will becosie =-: x A ■ 

^ amr' 

M. 


Aijl -Q.E.D-^ 
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Note (D). Question IX. Page 32. 


Let the complement of any two assigned lives 
be n and m, and the given term be sevin years, 
as in Note (C).^ The probability that the former 
(si^posed to bii the life iii expei^tation) shall 
last 8 )'b«s, is, by Mr. Moivres M^’p'othesis, 

and the probability tliat the lairterYife 
.8 

>ball fail in 8 years, is ; and die first payment 

of the annuity mentioned in this question, de¬ 
pends on the happening of both these events, the 

probability of which is X '• 

Tlie present value, therefore, of the first possible 

payment of the annuity is - x '~f- -In like 

manner, the present value of the second possible 
n —9 ., .9 

m 


payment Is X - ; and of all the paymCiTts, 

X ^ X 5 X &c. But 

nr* m ' nr^ ni ' fir'" m ’ 


—s- X - 

nr* m 
9 _ n - 9 
VI nr'> 


r’ 
n 

o 
m 


I 


X z + 


fi 

71-8 


m 


nr^ 


o 7 ,w-9 

- X -;and—^X 


X - 4- -— - + The foregoing se- 

7T{ ‘ :ir'> ^ VI bo 

l ies, therefore, is eaual to the two series’s 4 X 

’ I , r’ 


y i . !LlJ! y £ 4- 

nr Wi ~ 7ir* ?>t ‘ 


7i~-io. ^ •a , ,1 

—- X Sec. and- 

7/7* 571 r' 
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X X - + '—-f X 

nr m ' nr* nt 


X orto 


1 •n -7 m — 7 n-8 1 7i-0 

X-X-X X —- + =~x 

r' n wi n Jr m —7 n—Jr'’ 

~~2 K - 10 3 , 1* 7 n-7 

—1 + =^, X—X - X-X 

,»R — 7 n — 7^* Trt ~ 7 r’ w n 

R— 8 ,W“9 i-i - 1 

—~ + =-T> Kc. which IS the very 

n~7r * n-7r» n-7r3 ^ 

rule giVeh for solving this question (J^)j as will 

appear from Notes (B) and (C). 


(<?') ReJaiiiing the larne svmbols as in the t»ri tbregoiiig 
(/3) and (y) and suppoing the first payment ctf the 
annuity t6 become due at the end of the 4tn year, the pre¬ 
sent value of tire several payments will be = — X + 

^ a. mr* 


vt — s g m -r t 


-- X-^ + 

a mr^ 


mr" 


-f- &C- — 


d * . 


dr^ 

dp 


+ &C 


dp cq sf si ^ d \ 

-X 3 + -j—. -f &C. = —r X A — —1- X 

o;)ir dpr dpr^ apr" ar^ amr’ 

AB. -aE.D. M. 


Note 





353 


Note (E). See the Scholium to Quest. 

Page 36. 

According to the calculations, the time in 

which the first yearly jgayment of a rev'ersionary 
annuity becomes due, is the end of the year jn 
which the event happens that entitles to k, how¬ 
ever little or much of the year may then happen 
to be utte^p^d. * And this, likewise, is the time 
\v1ien af^versionary him becomes due. •Those who 
know how the calculations bf tiie values’of revi¬ 
sions are instituted, must know this.’ But^n an¬ 
nuity, the first payment of which is to be made at 
the same time with anoflier payment of a sum in 
hand, sufficient to buy an equal annuity, is worth 
one year’s purchase more than that sum. For 
instance. Reckoning interest at 4 per cent, and r 
being £l increased by its interest for a year, or \.04 

7 + &c. = is the present value of 

an estate of £\ per anjnm for evfer.» That is, it 
is the value of it, supposing the first rent of it 
is to be paid a year hence.—If the first rent is to 
be received immediately, or at the same time with 
another payment of ^25, it is worth one year’s 
purchase more, or equivalent, to £l ^.—I have 
not found, that any of the writers on annuities 
and reversions, have attended to this observa¬ 
tion. It suggests a correction necessary to be 
applied to the common solutions of several im¬ 
portant, problems: particularly to the 21st and 
22d in Mr. Simpson s^Treatise on Annuities^ and 
the 26th, 27th, 32d, 3^d, and aOUi problems in 
|iis Select Exercises ; and to a« other problems 
V)f the same kind in other writers. There Can 
vop, I. A A. be 
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be ^10 great occasion for being inore explicit. It 
• will^ not, however, be amiss to add the following 


demonstration. 

^ t 


1 . 


- is the present probability 

« 

that a life whose coinplemtnt is n will fail in any 
one assignable year ot its (^.iration. S X -- H—\ 
-j—See. (n), or the present value of £\ peran- 


huin for n ypars, multiplied by .tiic^prescnt 

^ ^ 1 o <* 

* val,iie of Hie sum or legacy denoted by'*S, payable 
at” the‘failure of the given life. Therefore, (n be¬ 
ing 56; the life 30; interest 4 per cent, r 1.04; 
the sum £‘2,5) the valuer of the expectation, by 
Mr. I)e Moivres hypotliesis, is 9 . 919 . 

Further. The value of .Tl to be received at the 
<md of a year, provided the life whose complement 
is n, fails, is the probability of the failure of the 
life uiujtiplied by £\ discounted for a year, or 

1 ——i X 'In like manner; the value of 

n I' 

to be received at the end of two years, if the same, 
life fails in 2 years, is 1 - ^ X -7. And, tliere- 

j ^ 7i ’ 


fore, the value of all the possihJp [layments of an 
estate or annuity of £i for ever, to be entered 

upon after the given Jife, is 1 — X g + I — 


:-"x- + 1 -" -- X &c. Oi) + 

fi r- ' U . / 


I 


r" + 1 


+ 


_ 1_ 

/■”+ 2 
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T“ + 


1 0 1 , *1 
&c.X)r + -- 



n~ i 
ur 


+ 


7i — *3 


«/•- 


+ 


&c. lliat is, the value of the life subtracIcJ 

froin the perpetuity; or, !n this example, .£l-t hs i, 
(the value of a life at 30) subtrartcd from ‘23 ; 
that is, ,^]0.31(). Biit*10.3J6 is to gpiO, iii 

the same ratio with 104 to 100, or 20 to 23‘, 
agreeably to the rule in the Scholium (e). 


C‘) T!^Sier/ncc bctE^oen the vahies of rcMCr-ioanry ,s7r;)iv* 
and re\ersiat^y^' clinics (wliicli was first ponUed ont^in this 
Note) does not depend on the Itypothesis of an efjti.il dec’^- 
ment, but may be as readily demonstrat'd from the ricl pro¬ 
babilities of life. Supposing a, h, c, d, r. See. to roprostltt 
the same quanlitie.s as in Note, (B), the value of the xinn S, 
to be received cm the death of A, will tie jiroperly expiessej 

, S a~b b — (■ c — dt 

by tlie series - x-+-h —+ &c. = S y 

a r ? ^ 1' 


J b 

~ + —; 4- 
r ar nr 


c ci ^ ^ 

—- + —; &C. — S X ■- 
ar' ar 


bed 


-t 


S X 


A 


1 


A. 


S.r- 


X P - A.- 


I^P denoting 


the perpetuity, am! A the vafue of an annuity on the life of 
A).—But in the case of a an annuity or estate, the vriUie oi' 
the reversion of i£l per annum aftet the death of A will be 
n—b n — c a~-(i . ,, 1 1 


+ 


ar' 


+ - + &c.- 


-^0 + 


rt sT + 


I 


1 


)ts &c. (f denoting the number‘of years between the 

age of A and that of the last surviving life in the t.ilde o‘ 
observations). 4 he siiiii ot these two veiies is ea-iiy f' urid 
* P — A.-It S ri'iireicni a sum tnjuai to the perpetuity ot 

ifil Tjer ann. or, in other words, if S be takc-n =-, it 

r— 1 

avill appear the value of the reversion of an esta!’- ’s 'o 
the value of the reversion o/ an equivajpitt sum as P — A to 

P-A i . * 

—^—, or as r to 1, agreeable to what) has been oby ivd 

above. 'I 

N(.;c 


A -V ^ 
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Note (F), Quest. XIII. Page 48. 

When I here call 48 the mean age of all mar¬ 
ried men, and 40 the mean age of married wo¬ 
men, I do not intend to suppose, that there are as 
many married persons tyho exceed these ages, as 
there are who fall short of them. It is likely that the 
latter at'e more numerous; and it is necessary that 
this should be the case, to render the supposition I 
make just.—rif all marriages (jommenooik'.t 33 for 
the man, dnd 25 for tfie woman, one them 

wf-uld be dissolved by the time the men were 50, 
and tfie women 42; for (by the Hypothesis, and 
also nearly by (be Breslmv, Norwich, and Northamp¬ 
ton tables) there is an equal chance for the joint 
continuance of 'two lives whose ages are 25 and 
33, seventeen years. Forty-two and fifty then 
would be properly the mean ages at which widow¬ 
hood would commence: meaning by these ‘'the 
“ ages'on each side of which equal numbers are 
“ left widows aijd widowers.” But, though in this 
case half the' marriages of fcvery year would be dis¬ 
solved in 17 years, they would not be all dissolved 
twice that time. So far would this be from 


liappening, that about a 7th part would continue 
beyond twice 17 years ; nor would it be certain, 
that they would bd all dissolved till near the extre¬ 
mity of the possible extent of life. Though, there¬ 
fore, an equal number of marriages would be dis¬ 
solved, or an equal' number of widows and wi¬ 
dowers left before 50 and 42 and afterwards, yet 
the ages of the latter would, one with another, 
much more exceed 50 anfi 42, than the ages of 
the former (thatjis, of the widows and widowers left 
bqlbre 50 and 42) would fall short of them. And 
the number of marriages also in the world among 


persons 
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persons of greater ages’than these, would be’much 
fewer than among persons of lesser ages.—In other 
words; The period, at which the marriages ihat ‘ 
have been contracted are half dissolved, is not the 
period at which thg number of marriages constantlv 
existing is equally divided, but this period falls 
some years sooner ; and the period I have in view 
falls in that part of the iaterval between these two 
periods, where the greater ages of the marriages 
on one side, are just enough to compensate *(in such 
a calculation as ,that I have given) their deficien¬ 
cies in^^^itnfier, ccfnpared with tha number of 
marriag^tKi the other side. 

In short. Suppose 33 marmage^ ever^ ye>r, 
between persons 33 and 25^. In 11 years thsre 
would be half as many in the world, as could 
possibly arise from such a number of yearly wed- 
<lings. In 17 years, half every sdt would be ex¬ 
tinct. The expeciation of every marriage would be 
i 9 years, by Prob. 1 1 of Mr. DeMoivre s Treati.se on 
xhiniiities,or hy the note(K) in the following notes: 
That is, taking them all together, they would exist 
just as long as an equal number o(, single persons, 
supposed to be sure of Rving just IQ years, and no 
more: or, as long as an equal number of single per¬ 
sons, all 48 years of age, supposed to be subjecf4<'> 
the common laws of mortality. One with another, 
then, they will be all extinct in IQ years; the 
marriages which continue beyon'd this term,though 
fewer in number, enjoying among them just as 

^ In the Pais de Vaud, Switzerland, the mean age at which 
women many, is nearly the very age here mentioned : liut it is 
•shewn in the Supplement, that the expectation of marriage there 
is no less than 23 years and J ; so much higher are the probabi¬ 
lities of life in the country than in <oiwrs» or than jihey ought to 
l>e according to Mr. De Moivre's Hypotlietu* See Supplement, 
Vol.iI. 

much 


2 
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mjicli more duntioii, as those that fall siiort of it 
enjoy less. JVidows, then, at a rnedium, will 
coilunence widowhood at 44 (that is, 25 increased 
by 19 ) years of age, and widoivers at 52. The 
valot^s, therefore of the lives of the foimer, when 
they commence widowhood, will, one with an¬ 
other, be the same with the value of a life at 44 ; 
f>r, (reckoning interest af 4 per cent.) 12.5 years 
]>'ireha.^e, in one present payment, (the annuity 
to begin at the end of a year); and their expectn- 
>ion of life will be 21 years, or half ^he difference 
lu-tween 44 and 86 . The' value'c^lfce lires 
of the latier will be' lO.Q'i, and thTfr exjxrta- 
i^n If yearn.—The vvhole number of marriages 
co'nstantly existing, which would result from .33 
supposed to commence au'aually, would be 19 X 33, 
or 665 ; and 53 years (the difference between 3.s 
and 86 ) would lie the time in which they would 
increase to tliis number—^I'he chance of survivor¬ 
ship would be the odds of 69 to 53, by Prob. 18th, 
IM.i'. /.V iMoivre on /Innuitits; that is. in 53 years, 
:.!3 rellc*ts of these marriages would be left every 
vem-, and th/;’ number of {vklows would be to the 
number of uidowsrs, as 69 to 53 ; or IQ-^ widows 
would be left annually, and 15.2 widowers. 7'iie 
n'rrxivium of widows in life togetlier, if none mar¬ 
ried, would be 21 X I 9 . 8 , or 4l6; and they would 
increase to this mijnber in 114 years (or 6 l years 
after the number of marriages bad arrived at a 
maximum )—The maximum of widowers would be 
15.2X17j or 258; <imd they would increase to 
this number in 106 years. 

An easy inetliod may be hence deduced of solv¬ 
ing the question which occasions this note.—If 
the immbcf of iht members of the establishment 
1 have .sui)posMl is 665, and the mean ages at 
which marriage may be deemed to commence are 



• 

25 and 33, IQ.S widows will (it has just appeared) 
be left every yeaf ; and tlie values ol their li\*es, 
when they commence widowhood, udi he, one 
with another, 121 years purchase. Ananumtvof 
^’20 will, therefore, be worth, to each \i^,(Jow, 
i£250, and ip.8 such ‘annuities must be worth 
^i^4Q30, which, cotisequeiitly, is the annual in¬ 
come necessary for tfieisupport of the establish¬ 
ment, the first payment to be receivefl immedi¬ 
ately: from each of the (ifio members ; 

which answers nearly to the detei mination in p. 48. 

.^n y^*'1aBfer pari of Essay II. \«oJ. II, it is 
shewn, fhsrt ob.scrvations determine the ^'hSnee of 
survivorship in favour of the wife in ,marri;^e, >to 
be really so great as 3 to 2 ; and in some circum¬ 
stances greater. It is tlnere observed, that in order 
to account for this from the diflerencc of age be- 
twi'cn men ami their wives, this Mifierence must 
be at least 12 years, and the mean ages of all who 
marry annually must be supposed to be about 23 
and 35. In this case, Jp, as before, will nenriv 
be the exppctdtion of all marriages. 1 lie nfean age 
at which widows and widowers wilI,conmience such 
will be 42 and 54. TRe number of annual mar¬ 
riages necessary to keep up GO5 inarriagms con¬ 
stantly existing, will be 35. The number 'of 
widows left annually, by such a number of mar- 
liages, will be 21 ; and the values of their lives, 
at the time they commence widowhood, will be. 
12,85 years puichase by Table VI, Vol. II. 
and, therefore, the whole annual income ne¬ 
cessary for the sup[;ort ot .the suppo.sed esta¬ 
blishment, will be .€5397) -‘i' anuuui ])ayment, 

beginning immediately, ot trom each 

member—The number of wiclov.s on ^uch an 
establishment will, in 03 years, grow, if none 
marry, to 402; and the number of v. ,f!owers to 224. 
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—It may be depended on, chat all this would hap¬ 
pen as far as Dr. Halley s Table,'or the Tables for 
Non-jjick and Northampton, exhibit the true state 
of human mortality. 

Among the ministers and prpfessors in Scot- 
UANB, the number of m&rried men being 667 , 
or nearly that here mentioned, the number of 
atinual weddings has, foe many years, been at 
an average 30, and the number of windows left 
annually IQJ ; and, therefore, the chance of sur¬ 
vivorship in fovour of the wife, aj 1Q.2 to 11.8, 
dr 5 to 3. Tliis is not more differloT“f4'.m tile 
results T ^ave given, ,than might haw^ljcen ex- 
jtefttcd ; and the chief reason of the diflerence is, 
tha't the expectations of single joint lives among 
the ministers and their wives in Scotland are 
greater than those given by Dr. Halley's, and tlie 
other tables of observation.—These tables give the 
expectations of lives as they are among the bulk, 
of mankind in moderate towns. The expectations 
of lives among the better sort of men, living 
mostly hi country villages and parishes, are much 
greater. TlUj* fa.ct is, that among the ministers in 
Scotland, the expectation ot a single life, at the age 
of 27 , is near 4 years greater ; and, o{ joint lives, 
abfJtit three years greater, than the .same expecta¬ 
tions by Dr. Halley s Table. Sec the latter end of 
the 2 d Essay in tlie next volume. 

I cannot help just mentioning another remark 
here.—It may be observed, that supposing no 
second marriages, and, at the same time, that the 
odds for the woman’s surviving in marriage is 3 to 
2 , the number of widows in the world would be 
double the number of widowers. But it has been 
found, in fact, that the nuniber of widows is, in 
some siluations,*fire times the number of widowers. 
Hmv this is to be accounted for, 1 have shewn in 
the Essay just referred to. Note 
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Note (G). Question XIV. Page 51. ^ 

Let r be increased by its interest fgr onte 
year; t the given time or number of years for 
which the assurance is to be made; a, 6, c, &c. 
the probabilities taken out of a table of observa-^ 
tions, that the person whose age is given sl)all liv« 
1, 2, 3, &c. years ; arjd P the probability that he 

shall live t years. Then +. 




lA -L I — ? I I -^ j_ L T &c. = -4-i- 


+ 


,.J» - 

1 -P 


^ w “ 7 + +4, &c. (i i^j)- +-j; + 

Y--i—— * • ^ * 

X —I—r d—r» &c. will be the cx*act value 

of an annuity to be entered upon at the failure of 
the given life, provided it hajjpens in t years. 
And the rule is nothing but this value expressed 
in words. In a similar manner may be demon¬ 
strated the other rule for finding the values of 
assurances for a given time, on two joint livts, or 
the longest of two lives. 


* Having given a difl'erent and more concise rule for an¬ 
swering this <jaestion, (See note, p. 53,) it may not be im¬ 
proper here to insert the demonstration of it.—Let n len^cscnt 
the number living in the table at the age assigned, let b, c, d, c. 
See. represent the same number at the end ot 1, 2, .3, 4, &c. 
years; then will (he value of the sum S depending on the 
failure of the life within the term proposed be = S x 

a — b 6 — c c — d d~e , , S b 

+ + —7- + -rrj-(t) = - X 1 + + 


ar 

c 


ar^ 


ar' 

„ *b c d e 

S X — + —• H -T H - r 

ar ar^ ar' ar* 


d , , „ ■ * r 

«r* ar* 

(tj. If B' denote the value of an annuity of jCl on the given 
life for one year less thaji the term proposed, an^ B the same, 
value for the whole term, the preceding series will be = S x 
1 + B' 


- B - --Q.E.D. 


M. 

Note 
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•Note (H.) Question XV. ^Pagc 6i. 

‘Let r signify as before; S the given sum to be 
assured ; t the given time;'’N and n tl)e number 
of the living in the table of observations, at the 
age of B anti A respectively; A, B, C, &c. and 
c, &c. the number of the living in ^^.ablp, . 
at the end of, i, 2, 3, he. years* from the a|^es of* 
B and A ; D, -D, D, D; he. and il, d, '!i,''d, he. 

if» 111 I II n» 

tiie decrements of life in the table, at the end of 
1, 2, 3, &:c. years from the ^ame ages. Then, by 
leasoning m the same manner with Mr. Simp.son, in 
p. 3It), he. Select Exeiciscs, it will appear that S X 
C X it 


A X d 

Njir 

~Vd ‘ 


+ 


Hxd 

I 


Bd 


+ Niif"’ (/) 4- S X + 




J)<i ,, . , Brf Cd 

jN'iTP + SNriB ’ = if ^ ^ + iTr^ + TTr"’ 

he. (0 + X {t). This is the 

exaef" answer to Question XV. and the rule is 
as near an ajiproximation to it as there is reason to 
rlesire. . 

Ill the same manner, retaining all the same sym¬ 
bols, it may be found, that the answer to Question 
XVI. is 


S X 


-i- 

2Snr 


Dd 


J-‘-L 

' 2Snr^ ' 


D + Dx'/ D + D + Dxrf 


Nwrr 


- + 


Nnrr 


, Dd Dd Dd 

(,), &C. + s + 5^;? . &c. 


(t — rx. 



2^0 tes .. 
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(f - 1 } 


Dtf’ 


1 ) + D X d 


' + 

r ' Nh* 

IL 4- 

1 

Dd V'f 


.X - h 

^ nr nr^ 

'tn ' 

D -f- D + D 



&c. (/ 


1 )+ + ») X 


&c 1) + 5 ]vf ^ + „;-i + j {t). 

+ -K.7^ + —<-;r-^,. &- (/ _ ,) i. tlu^ 

same with the excess of the value of an anruiity 
certain fora natnber of years le.^s by one* \ ear than 
the given terin, above the value of an atnuiily on 
^le for ^he same iin!iiber^;f*acars; irflni 

vvlien(?l» Ahc reason of tjie rule Ibi* solving this 
question may be easily di&covt*red (0. 


^ The "^jlnlion of the bstli question may he (ledne(\! i-, 
a similar, but rather more accurate, irunner fro n the lii'.i 
of the two rules given in Note (O) * wliere the value ot 

the reversion for I years is expressed hy ihe two series x 


da" ca" 

+ -^v* "i—T 


, , S ha id" ('d'' t 

"" r + ;-■ + V' 


ca 

r T* r 

If o: denote the sum of the decrotnent;^ f'f Me tuun the aL;e 
of A for t years divided by t (wh.ch in;iy t)C <'alled liie ro;-v- 

I 

ple7iteiit of A’s life for the given term), and II and J! the 
values of an annuity on the life of 13 for t and I — 1 ye^r> re¬ 
spectively, the sum of these two seiics may be found 


S £6 
•2a 


X B + 


P+ » 


In like manner, the solution of the lf>th Qucsiion may 
he derived from tlie second the two rulis gncii in 
Note (O) ;—the senes expressing the value of the rever,ion in 

I • u ■ ^ 

(his case being — 7 - x 

2(16 


if:+ iid:pf “ 

t r - 


2(i/n- 


d.a' 


■g i _-'■ll.-i:-!!.. ... 11 —i \ ). Let /3 denote the 


complement 
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compkmiit of B s life for t years, A and A the values of an 
annuity on the life of A for t and f — 1 years, afid N and 


the values of an annuity certain for those respective 

S.jS 

terms: then will the above series be found = —;— X 
‘ ' J ♦* 26 


N - A 


N — A d-.-It is to be observed, when the decre- 

t 

inenjs of A’s life for f years, in the first of these rules, and the 
deciements of B’s life in the second, are equal, that the exact 
value of the reversion is obtained; and if the term do not 
exceed 10 or 12 years, the values are always so nearly true as 
nof .0 1 equire gi e^ter accuracy. This also is the l^9*«iftgenerSj ^ 
with regard to Or. Price's rules; ag.-unst which tjiete can* 
he no objection, excepting the'application of Mr. t)e Moivre’s 
hypo(()esiS|in one,part oV them, which it is best entirely to 
exclude from the doctrine of survivorships. M. 
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Note (I). Page 149 . 

Supposing^ to signify as in the last* ^lotcs, 
>ind )i to be the complement of a given life; the/ 
present value of ^3, &c. payable at llitf 

end of 1, 2, 3, &c. yeals to t years, but subject to 

failure when the life fails, is ~ + 

_^ nr ' nr‘- 

continued to t yearswhich expres¬ 
sion is equal to n X ~~ 4" C^)* 


n — 1 - , n - 2* , M — 3* c 
n X —;—■ H-^,-r» d- 2 “T"> ((), 


To find, therefore, the value.of an annual pay¬ 
ment dependent on a given life, to begin with ,=£1 
and to increase at the rate of every year after 
the first, for a given term; find the value of an 
annuity on the given life for the given term*; and 
also the value for the given term of an annuity on 
two joint lives both aqual to thd given life. The 
difference between these two values multijdied by 
the complement of the given life, will be the value 
sought.—If such a course of payment, instead of 
beginning at the end of a year, is to begin imme¬ 
diately, and to be made at the beginning of every 
year till f -f 1 payments are made in t years ; add 
to the preceding value the value increased by unity 


of an annuity on the givao life for t years, found 
by Question VI, and the sum will be the value 
sought. And this value, divided by the present 
value of what may Jpappen to remain o^ the given 
life after t years, found by* the s;*me question, 
»vill give the annuity to which such a series of in- 
'-^asing annual payments, beginning immediately, 

- will 
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will sntltle for the remainder of thf given life after 
years. 

If such a course of payment is to begin at the 
end of ^ year, and to be continued during life (that 
is, if t = n) it is obvious, that!its Value will be the 
foinplenient of the life multiplied by the differ¬ 
ence between the value of the life, and the value 
of two joint lives having ihe same common age 
with it; and that if it is not to commence till the 
end of a given number of years, its value will be 
thtf-value for a^life so many years (Idsscv^ed-by^ 
older than the given life, and rnultiplie^d the 
valuf of payabje af the end of a number of 
years, add also multiplied by the probability that 
ti)e giveti life will exist for the same number of 
years.—Supposing, for instance, the given life 30 
years of age, and, such a course of paym^ent to 
begin when it has completed its 56th year, the 
value w’oiild be the value of a life aged 55, di¬ 
minished by tl'.e value of two joint lives both 53, 
and (he rj inainder multiplied by the complement 
of a Ide aged 55, and also by tlie product of the 
probability thaba "life aged ifO W'ill exist 25 years, 
into the value of payable at the end of 25 
years_.—The value thus'computed will, in this case, 
come out 9 nearly, in a single present payment, 
reckoning interest at 4 per cent, and taking the 
probabilities of the duvation of life from the iVortA- 
amplon Table ol' Observations. 

With the assistance of these rules, all that is 
said in p. 148 may be investigated. -But more 
particular directions for computing the values of 
annuities of this sort may be found in Mr. Morgan's 
Treatise ox Life ^ilnnnilies andlAssurances^ p. 119 , 
kc. 

No^c’. 
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•Note (K). See Essay I. Vol. II. 

The sum of the probabilities that any p:iv’eii 
lives will attain* to the end of the 1st, 2 < 1 , 3d, 
years from the present time to the ulnuist' 
extremity of life (for instance, + vf + 4 ,}' & - ■* 
to — 224- foJ' lives of 40, by the hyhol/iesis) may 
be called the\r e.i pec tat ion, or the number of pa\- 
mentsdueto them, as yearly a!tnu!ta7ils. The sum 
the probiibilkies that they will attaiy to the j^id 
oi the^st,4d, 3d,^c. half years, (o 1 ’*in ijit; parti¬ 
cular case specified, ip if -If + 44 \f i". 

= V half years, or 22 p years) is their expectation 
as half-yearly annaitanls. And the sums just liieu- 
tioned of the probabilities of their attaining to the 
end of the 1st, 2d, 3d, &c. moments (equal in the 
same particular case to 23 years^ is properly their 
expectation of life, or i\\e\Y expectation as annuitants 
secured by land. 

Mr. De Moivre has omitted the demonstralions 
of the rules he has given for finding the expecta¬ 
tions of lives, and oi^y intimatetl i^ general, that’ 
he discovered them by a calculation deduced from 
the method of fluxions. See his Treatise on xtn- 
nuilies, page 66 . It will, perhaps, be agreeable to 
some to see how easily they are deduced in tins 
method, upon the hypothesis of an equal decre¬ 
ment of life. 

Let d’stand for a moment of time, and ?/ the 
complement of any assignee?life. Then ” 4 ^ —, 

n — 34 


&c. will be the present probabilities of its 
continuing to the eAd of the*lst, 2d^3cl, &c. mo¬ 
ments; and tile probability of its conlitiuing 

to 
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to tlfe end of X time. -—- k x will therefore be 
• 

the Jhxion of the sum of the probabilities, or of an 
area representing this sum, whose ordinates are 

and axis x. —The ^uent^f tTiis expression, or 


—, is the sum itself for the time x; and this. 


2 « 


when X — n, becomes -J-n, and gives the expectation 
of the assigned life, or the sura of all the probabili¬ 
ties just mentioned, for its whole possible duration 

—In lik? maiiher: since is the'pro^abilit 

* ^ . f * . . . n — 3^ ^ 

thaftwoiequal joint lives will continue x time, I 

X X will be the^/ili^io}^ of the sum of the probabili- 
ties. The Jiuent is —,which,when;»=:«, 


is or the expectation of two equal joint lives.— 

Again; sinceX ~ is the probability that 
there will' be a survivor of two equal joint lives at 
'the end of x timb, X ^ X i' will be the 
fluxion of the sum of the probabilities ; and the 
Jlaentf or -is (when oc n) J-n, or the 

expectation of survivorship between two equal lives; 
which, therefore, appears to be equal to the ex¬ 
pectation of their joint continuance. The expecta¬ 
tion of two unequal joint lives, found in the same 

• Til iil ^ J . « 

way, is - — m (n) being the complement of the 


(i) The expectation of two unequal joint lives is =- 

' (“ “ rrt 

n —■ M .1 ‘ 

X —— X X, v.hoM^flucr.i (when; = wj is easily found = 
m Sum 

2 ~ "SiT' 

oldest 



mm. 


369 


oldest life, and n.the iomplement of the youngest. 
The whole expectation of survivorship is ^ -j- 

fc- (&). And the^ expectation of survivorship of 

ra^ldest will be to the expectation of survivorsliip 

of the youngest, as -It is easy 

to apply this investigation to any number .of joint 
lives, and to all cases of survivorship. 

It may be observed, concerning the fjrst of 
fiuents here4j;iven, 4hat it expresses *rv3t op!y the 
expectatron' of a given life* for the tinte x, and 
therefore its whole expectation 'when a: =«w, blit 
likewise the number of persons alive, to which one 
person added annually to a society, at a given age, 
will increase in x time.- Thus : Suppose one 

(S) The expectation of surrivorship due to the oldest life 

7)1 ■*“ X CC 

is expressed by the Jluxion - X — x whose fluent 


(when t z= m) is 


6n ' 


m 

to the youngest life for 


The expectation of surviror.hip due 

• ^71 X X 

m years is the fluent of-X — 

71 m 


X x; which (when i = m) is 


m 


But this life has a 


mm 

2 ~ "iiT' 

further expectation, after w years, expressed by the fiuent of 
n — Jn 


n 


■ m ■ 


n ' 


m 


X X, which (wllen x — 71 — »«) will be 


fj mm ^ , 71 ~ 771 mTTi 

— The sum of these two fluents, ot-(- — 

2 , 2 « 2 6 ?» 

Will therefore be the whole expeefatiob of survivorship due 
to the yourigest life. And this expression added to 

bn 

fwhich hat been found above to be equal to th^ expecta¬ 
tion of Survivorship due tojthe oldest fife),will* give ^ ^ 

+ -g— for the whole expectation of survivorship due to both 


>liV 


TOL. I, 


B B 


M. 

aryiluitant. 
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ansl^iitant, whose age is ‘28, (and vyhosc coviplement 
(d'life, ihcrcfore, is 58, or cxpcciaiion of liie 2g) 
U) coir.c upon a ‘‘ocicly every year; the number of 
atunataiUs alive, deduced from hence, will in a.’) 

years, be a - ^ or and,there * 

I'ore, llie number of annuitants alive, deduced in 
the same lime from p af.nuitauts left annually at 

the sainc age, will uc — ^ X px .—In like 

t ' 

ri).mncr, tiic 2d fluoul, or ^—|r x, gives be 

number cf marriages iii being together, that will, 
Ml ,T ywrs, grow c<ut of one yearly marriage, be- 
tv\(,en persons o{ equal ages, w hose complement of 
life is n. If they are of uhKjiidl agi'S, and the com¬ 
plement of the oldest life is ///, and of the youngest 

n, this number will be -And 

if the number of years is required, in which any 
gi\<-ii number of yearly marriages, between men 
and women at given ages, will increase so far as 
to be in any r^iven proportion to the greatest num¬ 
ber tliat can possibly grow out of such marriages, 
this expression must be made equal to the expecta- 
lion of the joint lives, or of each marriage, multi¬ 
plied by the fraction cxjiressing the given propor¬ 
tion ; and the rooUof the equation will be the an¬ 
swer. Thus ; it may be found, that one marriage 
every year, between persons 33 and 25 years of 
age, would in 10 years increase to 8.35 ; in 15 
years to 11.38 ; and in 53 years, to IQ, or their 
greatest possible number ; and, consequently, that 
j<5 suchiyearly marriages would, in 10 years, in¬ 
crease to 2Q2; in 15 years tc 3Q8; and in 53 years, 

to (iOo.-And if it is enquired in what niiinber 

of years 35 such yearly marriages w'ould increase 
to half the nuntber in being together, po.ssib*ii to.. 

be 




be derived frorn*them, the value of x, in the cubig 


.• n ■‘r Tn X X , 

equation ----4- x =-. - X 4. 

^ Znm iiun 2 bn 

must be found ; »which, in the present instance, is. 

'A^rly I‘2. 

I have, in some parts of this work, had occasion 


to make such deductioife as these. See note (^), 
and note (F); and Questions TIL page* 10, and 
XIII. page 46 . 


SI a 


Note 
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Note (L). Chapter IV. Page 208. 

Let r signify increased by its interest for 
one y»ar. 

V the PERPETUITY. 

71 the clitFerence between the age of the youngest 
life, and 86; or its complement. 

m the complement of tne oldest life. 

P the value (in Table II. Vol. II.) of an an¬ 
nuity certain for m years. 

And thd cyact value of any two giv'fenjoint liv'c^s, 
accordilig^to the hypottiesis of^an ccjual detreincm 

of life,*' will be V — Y_lLi 


+ 2V(;). Example: 


2V — 1 X 


Let 


(ic) Tliis gf'ncral rule is taken from Mr. Sii>tpxon''s Doctrine 
of Aniiuiiit's, and is easily demonstrated by the assi.stance of 
dje 'Iheoiems in the 5ih Chapter in this volume, page ‘257. 
The series expressing the value of an annuity on two joint 
live.s, who.se complements are n and m, is known to be 

"n — 1 /! — 1 * m — 2 « — 2 , ^ 1 1 1 

X —- (m) = -+ -+ — 

jir* r T^- r' 


i — 1 m ■ 

It ' II r m 


m + n 1 2 3 . , , 1 

-(m)-X-h — + —, ■+■, -(rr.) -j- - 

mn r r' r‘ mn 


1 4 

X —i—-(*'’)• Theorems just refeired 

1 

to, the fust of these seiies may be found = 


- - - - the second = 


VI -f- n 


r — 1 
r 


f ."r — I 
vim -p vin 


1 nj -p n r 

-r=r -p — - X -:—„ 

1 ,, mn ir."‘r — 11 
1 I 2mr 

X rrrrr- h-- X r 

mnr"' r — 1 mnr”' r 


>m r. r 

1 1 * 

-P r , mm 


r — T‘ 
and the third 

1 r* -p r 


mnr 


r- 1: 


-Adding these difterent seiies together theitjaypi 

will 
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Let the ages be 27,&nd 38 ; and the rate*in¬ 
terest ^•percent' Then n = 50. m =: 48, V = 23^ 

< 1 ^ ~ 


f .,, 1 ni + n r 71 — m f. 

vill be = - *-X -- + -X - ^4-. 

r~l mn r — l)“ m/t r"/-— ij' 
fV 4 - r 4 . r r * 

(since -- — is = V + 1 , and 


77171 .)- — Ip jfm.r. 

>•* + r . r 2 r ^ „ 


r — 1 

+ n — 1 ^ V -f I 
mn 


r— 1 ,” >■ — 0 r _ 

w m V 1 V+ 1.2V V + K 2V 


<1 ni/i 

I 


r — 1 


t r.”V — I« mn.)- — 1 mn-rfr —,1 

T * \ 

r—-rzr- - IS = Ptherefor^ the above expression ‘ 

v + 1 “idzn:— 'i> 

becomes = V-x n — w — 2v — 1 x ~ + 2\ . 

)t * t/i 

U E.D. 

If the annuity be payable half-_ijea)hj, and f + ~ denote. 

as in the fifth Chapter of this volnnie, page 238, in¬ 
creased by its interest for half a year, the series expressing 

the value of this annuity will be = | x — -i'- '"-->- 1 -f- ,J x 

r 

1 + -- 


wi — 1 . — 1 , 7)t 

--b J X — 


ri,-(^"0- By proceed- 


?««. 1 -j- 


mn. 1 -f —I 


ing in the same manner as in the foregoing theorem, and 
putting H to represent the value tif an annuity certain, 
payable half yearly, for »j years,'the general rule in this cas" 


may be found = V 


---;-- H 

X n — m - * — 2 V X- b 2 V 


If the annuity be payable quarterly, and 1 -b - denotCi^l 

4* 

iticreased by its interest for three months, the series will be 

= i X + .).L +'.>J EAjE 1 

r I r '■ 

ni77. 1 - 1 — 1 1 -b "rl mn.l -b»-| 


41 

4- &r'. 
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’ p =Z^2] . 195 . n — TO ■— 2V 1 = — 40. 72 —TO — 
W-^ X ^ + 2V= 50— 17 . 660 "=: 32.3^0. And 

V — X ?r^ TO —"Tv ~i X - + 2V=: C'a — 

* 71 < in 

’v‘. X 32.3/10 = 10.748, the vjilue of two join^- 

'lives whose ages are 27 and 38. 


+ &;c. 


(4)72), and Us sum 


V - 


V + 


V — «2 — I —‘dX, X + ‘~V, Q renrescntiitg the value of 

i ' ’ *■ 2. ' 

an annuity c/Ttain jj.tyablc <ftia>icr!j/ for m yetus.—In life 

, f /■ 

manner, it>the annuity be pav.ablo /)ir;)))f')2//.y, and I + — 

denote I innea^ed by its interest for a rnoment, lire gener.al 
title for deteriutnitie, tite \:iiuc oi tim aiinuny will be — V — 

I " _ 

V + ^c. 


X n 


100(t. fse. 


, s M 
.'V X —I- i:v 
m 


V - 


X n 


m — 2V X ~ + 2V; M repie.sentitig the 

t; ^ ))? 

saliieofan annuity certait. pavable momently for jh years. 

Stti ipo.Siiig t!ie aeesol two lives to be ',!(> and .j() years, tlie 
value of an antunt)' at .f per cod. during their joint conti 
iiti.ince, niicl payable t iilier yetii ly, Iialfyiarly, quaiterly, or 
inoniently, will, by Mr. idr Motvre's hypothesis, be 11 227 
. . I 1.427.. . n ,)(>;). . .or ! 1 .()2.0 It ihear ages be .3() .and 6'J. 
the valniH will be 7 ■li,S...7 6i3 . .7.7i)d.. .or 7-.')0t. If 
both their ages be 3b, the values will be lb.394. . .10 b'OO. .. 
i‘''.703. . .or i().,S0S . .andbif both their ages be b’l, the values 
will be 6.144 . f) 374. . .()..')I7. ■ .n'-' 6.602. 

Ry comparing llie values of the equal joint lives, given 
• hove, with the valuc.sof the single lives of the same ages, 
■'oinpuled in the tifth Chapter (p. 243 and 244), it ajipears 
tliat the dilTercnces in the foimer between annuitie,s payable 
ycrtily and those whaii arc- payable half ye.irly, <|u.irtcrly, or 
mcmcntly, arc greater than the diflerentos in the latter; and 
'lierefoie thftv the .idditinn to be m.cle to an .aniiuity on the 
ongest of two lives, in consetjuencij of its being payable at 
■ hotter inleivals than a year, will be halher less than the atldi- 
ion td’be made on this account, either to the single or ilie joirt 
ives of tlie same ages. 
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Note (M). Chnpler in. i’.igc 197 . 


fr plain that ,tlie purchaser of A’s riglft; as 
Nr.led in the first of the questions to which this 
notey-efers, cannot get into possession till the year 
when A and B shall be iKjth dead ; nor then, un¬ 
less A happens to die Now, supposyig th'h 

common complement of life // ; the probability . 
lha\A and B sha'd be re//; dead at the end ('I the 

—*1* , » — I 

• ^ 

. Iniir.emas- 


///■•>( year* and A die last, i.-i ] 


_ % 

/ — 1 


ner, theprobab:!!l} duu ti’cyshalila /:o//i dead at the 

end of the t>d. 3d, Ac. vear.s, and that A shall have 
^ ’ _ • 


died last is, - 


■ + ' 


n — o 


7 &<-'• ddic prescril value, therefore,of 
the 1 st, 2d, 3d, &c. rents of the reversionary estate 


1 V — \ V — I I 

Vr 2/vr 2/;?' 


+ 


1 


2nr ’ 2/ 
11 — 3 . 






cec. Sup¬ 


posing r to signify increa.scd by its interest for 
a year ; and the estate to be pc/ ami. And 
the su?n of these term.s continued in injinitum is the 


value required. But “I" ^ “h 

the perpetuity. And 'Nl -p &c. 

n — ‘l « —2 —20 1 3 , n — 3 _ Afid! 

2 / 0 - 2nr- ‘2n-i ■ jT C/ir* £///'■* ^ 2 fo /0 ’ 

IS half the value of thej/ofirt lives, subtracted froin^ 
A///' the sum of the values of the two .single lives ; 

that 



3/6 


jyotes. 


i-:c. ( J he prr- 


thnt is' fialf the value of the'Ipvgest of the two lives. 

A similar demonstration may* be applied to the 
oth(5/question (a). ; 

I 

(>.), The purrh<i';er of A's right, in the 2d Q-uestion, wilf»' 
get into possession in that year in which* A either survives B 
or dies aftei him. The value of his expectation in the, Tsc ' 

-—.—.— --— j;-: 

,, , — I n — I 1 n — I 

year will be = - X 1 —,-^-X 1 -— x 

_ nr • n 2r n 

' n~\. 1 

1-= -— . . . . In the '2d, 3d, 4tli, Sec. years, 

n 'Zr Znnr > ' j 

his ex pecta tion d<pending on the same tjvenjs will be wyrtli 

1 *** n —‘Jl’^ »1 11 —3 ‘ 1 

2r“ 2nnip * 2?'^ 2r^ 2nnr' 

sciv value therefore of the 1st, 2d, Gd, 3.c. rents of the re- 

‘ ,1 1 1 

versionary c.Gate is-1-1-- 4- &c. 

2r •2r‘- 2)'-' 

; 

Ti — ;- G - T — ^e. - If instead of an estate, the value 

2nur‘- 2iinri , 

ot 1 given sum were requited, ic would, agreeable to the 
ioregi 'iiig deiiionsiiaijoiis, be expressed m the hist case 

by — X V -r i)B — 21’., and in the second case by 

S. r — 1 -— 

—X V — BB (V denoting the petpetuiiy, B the value 

of an aaiuiitv on the life bf B, and BB tlie value of nn annuity 
oil two joint lives whose common age is that of B). '1 he 

latter valv.’ therefore according to Dc Moivres hypotlicsis, 
and in the particular case wheie the two lives are equal, 

^ Y 1 - 

exceeds the former value by-X B — BB.-That 

r 

this is likewise true wliatever be the decrements of life, or 
the ages of A and B, may be proved from the two Theorems 
in Note (O) ; For by the second of these theorems the value 

c.P -1 AF r-“i. B ~'AB 


n — 11 
‘Znnr 


, „ . S /3.F - AI 

of S IS = -- X --,- 

2 b 


hr 


, 11 ri c S / 3 .F-AF c.P-AP r-l.B—AB 

andbvthefirstiti5=:- x -—- 1 -h —_; 

V 2 b r br r 


from which >■; appear^ that the Ij 


ppe 

^ u S.r-1 
forcaer by ^- x B — AB, and consequently that the dif- 


tter reversion exceeds tlie 


ference between them will be the same in all cases. 


- ¥ 

Note 
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Note (N). Qhapter IV. Page 204 .* 

Let r be increased by its interest foj^ one 
vear. 

''^’TTXt S represent any given interval of tijne, or 
) nnniber of years* during which the decrements of 
in a table of observations continue equal. 

a tlie number of the living in the talJe at the 
beginning of tlie first yt'ar of that interval. 

I' the number of the living in the table at the 
loginning of the year immediately following the 
^ame intervitl. 

P tt?e value of an annuity certain fbr S*years. 

p tlie value of due at the end ofls year^ 

Q the value, in Table VI. in the nextNoliime, 
of an annuity for th^ life of a person whose age 
wants S years of 86. 

N the value, in strict agreemejit with the given 
table of observations, of an annuity on the life of 
a person whose age is S years greater than the age 
at which the interval of equal decrements begins. 
Then, 

Q 4- - X P — Q will be ths value, according 


to the table of observations, of an annuity for S 
years, on a life of the same age with that at which 
the interval of equal decrements begins. And 

Q-|--XP — Q'E pN will be the value of an 

annuity on the whole duration of that life. 

When S represents one year, Q vanishes, and 

the 4st expression becomes — X J + N; which 

is the rule for finding, from the value given of any 
life, the value of a life one year younger (ja). 

In 


(u.) The value of arj annuity payable tiaij-yearly during 
any life (A;, may be deduced from the value of th# same 
annu.ly during a life (B), one year ysunger than A, with 

nearly 
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In^Iilce manner, supposin^^G to signify the mu- 
lue of two given joint lives by any table* of ob~ 

nearly as miirh ease as the values of annuities payable yecntu 
are dedut^d. Let b represent the number of persons Ifring 
in the Table at the age of B, and c, d, e, f, &c, the nwmbcr 
fiving at the end of the Ist^ 2 d, 3 d, &r. wars from the rw. 
•f B. Let r represent the inteiest of for a year, tnid 

^ = 1 + — ; then will the value o', the annuity be = T 

c r-f-tf d d + c 

-1-d-,— + —- - + &c. which may be found = 

4-bp‘> j. 

1 r "P Tv d 1,, 2 r e 

~ + Ti, I "i ~ T "Tt + n ^ + / + ,“7 h -,~f X 

4;7 do p, 

1 


2 1 

—5- + —g d - r > 

pi 


p'‘ '•ib j>‘> ' ]P 4li 

See. From this series, if the age of B be 


very old, the value of the life annuity will be obtained with 
little difficultv 3 and having this, the value of an annuity on 
a life one year younger may be derived fiom it in the follow¬ 
ing manner :—Let a' denote tlic number of persons living 
at the age of (A), who is one year younger than B; then, 
since the seiies expressing the value of an annuity on the liteof 

,1 • , , , b c f c d 

the latter is found above to be =; —7—■ -)—,-1-+ 

4 hp ' 2 op^ 4 bp 

£tc. the series expressing the value of an annuity on the life of 

... , fl'+i't bb + c a + b 

the former will be \ e —-1-5. -)-- &c. =- 

■lap Qap^ -Va /;3 iap 

h , 6 + 0 c. c + d 

-F —: X i d--h -rr — d- -7-— d- &c. Therefore if 

ap- wp "bp^ 40 /;* 

the value of the annuity on the life of B be called M, the 

value of the annuity on the life of A will be = P!”-- -)—- y. 

• -lap ap^ 

'f+ M. 

From this Theorem a table may be computed of the values 
of annuities payable half yearly on Hies of all ages ; and by 
proceeding in the same manner a general Theorem may be ob¬ 
tained fur computing a table of the values of anntutics payable 
rptnilerly. Rut the labour of foiming a table of this kind will 
be rendered unnecessary, if we are possessed of the aalues pay¬ 
able r/y; V.ir I have found that ii'ae dlfieienccs between 
annuities pa)able'half yearly and ycailj'are the same, whether 
those values be derived from the rea|.probabihlies of life and 
the prcVleding Theorems, or from M. De Muivrc's hypothesis, 
and the Theorems in die 5 th Chapter in this volume. AI. 

servationp. 
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servations, a the living et the age of one of fhem, 
'c the living at the age of the other, and b an?! d 
ihe numbers living at the two next younger ijges, 

^ ^ "f" ^ value of two joint 

^:ives e:rbh one yea^ younger than the former, 

, 'I'lie method of calculating the values of lives 
frbm any given tables of ybservations, described at 
the end of the fourth Chapter in this volume, 
is fi.'unded entirely on these Theorems; ai.'d a, 
distinct explayation of them has been given W 
Mr. A/or^(7/i, in thc^econd Section cTjtlie SeedfuT 
Chapter of Tns book on the* Doctrine of iLifc-An- 
nuities and Assurances. 

The (c\!)rcssions Q + j X P — td, and Q + — 

X P — O + JjN, with their investigation, may be 
tound in p. 3-11, 3d edition ot Mr. Dc Aloiires 
'I'lruO^e (j’ the Doctrine vj' Chancesi^A- K'-'t it is 

necessary 


(d Ti'.e Solution of tliis tlicorpm may be Jecluced in a manner 
(lificreiit I'rom that of Mr. Ik Moivri- Let ^ be tlie number 
of persons il\'Uie; annually in ye.irs, wlule thn ilecienient-. of 
life continue etjual, llien will the value of the annuity Juung 

j a — X (I — a — '.ix a — •ix l 

<ir at - ar‘ ar' r 

11 , ia i V a . „ , 

+ , + -(d-X- \ - -,•••( 1 But the 

r- (t .vr if' sr^ 


til It scries Is = I’, and the .second series is =- x 1 ' — Q 

a 

(I — 1) ^ 

(since a — 1) i.s = .sa)-X P — Q, and lliercfure the 

' a 

v.alue of the annuity during the first i years will be =; Q f 

- X P — <ci. ... 3'he value, of the annuity after .s'^ye.trs .snp- 

1 * • - 

I’csing m, n, o, p, </, &c.Ito denote the t»tmh(a <)f peisons 

iu ing in the table at the fiid of i + J, s + V, s -j- ;j, •'.c. 

ycaiii 
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nccesjiary to observe, that the direction which Mr. 
De Moivre has given for finding the va’ue of 
is wrong. In consequence of calculating agree¬ 
ably to this direction, he gives the value of/' l-.'te 
at the? age of 42 by Dr. HaUeys ,tzh]e greate^ thartl 
the value of the same life by his own hypothesis 
whereas, it is evident that the probabilities of 


m n 

vears is =-- + 

ar^ + 1 


f: + 


•f 


ar 


.1 + 3 


+ &C. 


ar' 


X 


t 


.-,y Tl r o b ^ . 

, - + T— + — - X pNfi If this, expression be 

hr bn Sr a ^ .• 

added to thi value of the annuity, found above, for the first 
s y^ars, 'die whole value will be = Q + - x P — <4 + /iN. 
Q. E. D. 

, . , , , . n —« n — 2« , 

It IS necessary to observe that the senes-!- 

, ar ar‘ 

supposes the annuity to be payable yearly, and therefore that 
1 ‘.i! 3 

— X -1—— d - r , Sec. cxprc.sse.s the dilTercnce, imilti- 

r xr- xr‘ 


a ir xr- xr^ 

■Vie 

plied into*—, between the values of an annuity ceitain fui 

.s years, and of an uiinuity payable yearly during the esn- 

tinuance of a life" whose complement is s.-The latter of 

these \ allies, denoted by Q, is given in the O’th Table in the 
next volume.—But Mr. De Moivre has deduced the value of Q 


from the fluxional quantity 


n.r — 1 7ir-. r — 1 

pressing the value of ap annuity secured upon land, must 

s 1 s ”” 2 

necessarily be always greater than the series-- +-1- 

sr sr'^ 

&c.; for the one supposes the annuity to be payable to the 
last moment of exisience, \thilc the other makes no allowance 
for tliat part of the year wliich shall have elapsed between its 
commencement and the e.xiiiiction of the life. This value of Q. 
therefore is improperly applied to the f)re.;oing Tlieorem, where 
the value ot^^, as wcdl ,i8 the whole,solution, is founded upon 
the principle qf the anhuity's being payable only at the con¬ 
clusion of each yedr, provided the ile shall continue so long 
‘ « M 
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living after 42, b^lng fill along less in Dr. Ilalh-ifs 
table than in the hypothesis, the value of the 
must be also less.—The mathematical reader may 
<?asil^vsatisfy himself, that the value of Q ought 
to be taken, as P have directed, from Tabic VI. 
in'the next volume. 

2 I cannot help adding here, that though the rules 
for finding, from the vatuc given of any single,or 
joint lives, the vidue of any single orjoinflivesonc 
ye^r younger, are an obvious corollary from the 
two expres:*iolis just mentioned, yet it<ss probgbie 
that Mr. S)e Moiv^(f did ^not attend So them, or 
consider the facility which th«y give ^ calcula¬ 
tions of this kind; for if he had, he wo^ld /lot 
probably have insisted so much as he has on his 
hypothesis of an equal decrement of life; much 
less would he, in order to obtain, an easy method 
of calculation, have 4iad recourse to that Second 
Hypothesis, which, in the fourth Chapter in this 
volume, has been shewn to be so very erroneous. 

Mr. Simpson is, I believe, the first jvho has 
given these rules, in his Treatise on the Doctrine 
of Annuities and Reversions; but# in his Select 
Exercises, p. 275, he has given a rule for ap¬ 
proximating to the values of single lives, accord¬ 
ing to Dr. Halley s table, which must not be de¬ 
pended on, for I have found it half a year’s pur¬ 
chase, and sometimes three-quarters of a year’s 
purchase, wrong. 


Note 
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Note (O). 


In-S note at the coneliision of«the 3cl Ch/pter*, 
Dr. Price refers to the end of this volume for more 
anciirate solutions of his 11th and J2th Ouestion;., 
which had been investig^itcd by myself, and pub¬ 
lished in the 78th vol. of the Philosophical Trans¬ 
actions.—With the view of fulfilling his intentions 
in this respect, I shall here, in an abridged manlier, 
insert tjfie solutions to which he refers', 

SolutJon of QuES’tiON XI. Page 40. Let a 
represe^Vt the number of persons living in the Ta¬ 
bid at the age of A, the younger of the two lives, 
a, a", a", &c. the decrements of life at the end of 
the 1 st, 2d, 3d, he. years from the age of A ; 
the number of persons living at the age of B, the 
older of the two lives, and c, d, e,f, he. the num¬ 
ber of persons living at the end of the 1 st, 2d, 3d, 
&c.'years from the age of B. Then will the value 
of S (the given sum), depending on the contin- 

gency of B's fsurviving A,"‘be expressed by :^X 


o ,.2 I ~ o 


r 


. da'" , „ 

-f--r + &C. 


= . X 


/3r. F-AF—c.F-AP 




i.B-AB; F 


2r '' be 

denoting a life one year younger, and P a life one 
year older than B ; AF, AP, AB, the values of 
the joint lives of A aijd F, K aiid P, and A and 
B; and j3 the n-umber of persons living in the 


Table at the age of F. But 




IS 


1 + B j cP 

-and : 

r br 


B — . 'T/ence if V reprejent the perpetuity', 


* Page 19P 


the' 
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» 

the above expression haay be found equal to ^ ; 


'f.I + AP 
-r 


- 1 V - AB 


fi.Al 


,, ^ Ihivii;g now the 

valueVf the give» sum payable on the continAeucy 
ofB’s surviving A, the value of the same sum pay-’ 
Nsble on the contingency of A’s surviving B is* 
Easily obtained ; by subtracting the value fuunlf 
above from the whole value of the Rever(.iofratter 
the extinction oi the joint lives of A and B. 

'Soi.uTicjN.OT»OuESTioN XII. page 43. Kctjiiv 
mg the saipe symbols as in the preceSky^ solution, 

the value of the sum S will in this case be = X ' 


b—c.a' ^ c- 


‘■(i.a" , il 

- . - - •; 

r' r* 


e (/ 


+ + 1 ^ 


+ 


(I + a".d- 


■ e a + a + a"'. e 
- 1-«--s- 


-f £cc. = ; - X 


_ r - 1 . B - AB. 

0 

1 + B r J T5 t r cP 

slituting-for -p and B — p- for-.- 

e> r o V er 


or, sub- 



c X 1 + AP . r — 1 . V — 
br ' r 


2B - AB 


/3AF 

~r 


When 


the value of the reversion is required, depending 
on the contingency of A’s having died alter B, tlie 
foregoing value is to be subtiacted from the whola 
value of the Reversion after the extinction of both 
lives. M. 


Note 
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41 

SECTION I. 

In the same note to v^hich Dr. Price refers^ 
for more' accurate solutions of his llth and 12 th 
questions (and which have been given in the pr.e- 
(,!t'd;ng pagLs)^. a further reference made to tlie 
end of'th^is‘’volume, fpr ruleV which'.give in all 
cases correct valuer of sums payable on any sur¬ 
vivorships between any three lives. These rules 
have been deduced by myself; and when the above 
note was written, it was my intention to have sub¬ 
mitted the whole of them to Dr. Price, in order 
that he might use his own discretion in the man¬ 
ner of inserting them. But this is no longer 
possible, and I am induced therefore to give the 
greater .part of them in this note. But being 
apprehensive of rendering my additions to this 
invaluable wa?k much too<‘long, I shall only in¬ 
sert the rules, referring the Header for the demon¬ 
strations of them to the 79 th, Slst, 84th, and 
QOth volumes of the Philosophical d’ransactions. 

From the complicated nature of questions in¬ 
volving survivorshifys between three lives, it be¬ 
comes necessary in their solution to have recourse 
to a great variety of symbols.—In order how¬ 
ever to prevent repetition, the same symbols are 
uniformly made to denote the same quantities in 
all the following rules, and it may not be impro¬ 
per to begin with explaining them. 

' P.ige 19^- 



JVotes. 
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A 1 

1^’ (denote the valud of an annuity on thef re/ 
Q r sj^ective lives of A, and C. 


.denotes the value of S on the continf^cncy of 
\C's surviving A (by Quest. XI. Note*0). 
denotes the same value on the contingency of 

) B’s surviving A, found by the'sarne Ques¬ 
tion. » 

F. denotes the value of an annuity on a life one 
year younger than B. 

G’ denote? tlicv'alue of the absolute Rtversioij 
S aft^ the dt%th of A (by QuesOl X..p. 32 .) 
denotes the value of an anjiuity on*a life one 
year younger than A. 

denotes the same value on a life one year 
younger than C. * . 

denotes the value of an annuityr on the longest 
of the three liv^s A, B, and C. 
denotes the value of S, by the first Problem 
in this Note, on the contingency that A’s 
life shall be the Jirst that fails. , 
denotes the value of an annuity on a life one 
year older than A* 

denotes the same value on a life one year older 
than B. 

denotes the value of S, by the Sth Problem, 
on the contingency of A or B, being either 
of them the ^rst that fails, 
denotes the value of S on the contingency of 
B’s dying after A (by Quest. XII. Note O). 
denotes the given sum. # 
denotes the value of an annuity on a life one 
year older than C. 
denotes the perpetuity. 

denotes the value of S on the contingency of 


E. 


H. 


K. 


L. 


M. 


N. 


P. 


Q- 


R. 

S. 

T. 

V. 

w. 


VoL 


C’s dying after A (by Quest, Xli. Note 6).. 

. I. 1 C c o, and 



N(>fes. 


3^6 

aid a, denote the numter of persons living in 
a table of observations at the ages of H aiid 

A. 

P an4 b, denote the number of persons livjng'-^'t' 
the ages of F and B. ^ 

X and c, denote the number of persons living at 
the ages of K and C. 

s, m, and d, denote the number of persons living l,t 
the end of the first year from the respective 
ages of A, B, and C. 

V,<denote^j tjlie value of ina'taseil by itsHn- 
tert^st*for a year, 

,The combinations of two or three of the several 
letter^; A, B, C, F, H, &c. denote the values of 
annuities on the joint continuance of two or three 
of those respective lives. ' 


PROBLEM I. 

To determine the value of a giv'en sum, payable 
if A should be the^r^i that fails of the three lives 
A, B, and G 


SOLUTION, 


When B or C are the oldest of the three lives 


the value of the Reversion will be 

/3 


S into X 

3c 


/S.FK-AFK , BK-»ABK , 

_ -j - . 


X BC - ABC ~ 


XFC-AFC-f 
-APn 

X 


d 

3c 


BT - AKT ' , - apt 


+ 


2 


When 
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When A is the oldest of the three lives th*e vplue 
will be into ^ X - rFT:yAFc' 

+ - AF+'aTBG *-f 

L 


s. BN - BNC 


AB-ABC X 

f__ 


«. PN - PNC 


- AP - APC. 


When the three«iives are equal, fl« value will 


be = I X 

2 r 


PROBLEM 11. 

To determine the v^alue of a given sum, payable 
if A should be the second that fails of the three 
lives A, B, and C. 

SOLUTION. 

When the ages are unequal, the value of tlie 
Reversion will be = D + E — 2M. 

When the ages are equal, its value will be = 
I X — X V - - 2CCC. 

3 -r 


PROBLEM in. 

To determine the value of a given sum, payable 
on the death of A, if his life should ,b6 the last 
that fails of the three lives A, B, anti C. 


SOLUTION 





TJif vaTufe 6f the Reversion ift this case will be 

either G + M - D*TI 7 ac 

cording as the ages of the Kves are une<|aal tc 
equal. ^ '' 

PROBLEM IV. 

To ^eteV,7.ine the value of ^ given ^m, payable 
on the exftinction of the lives of A and B, should 
they lyi thethat fail of the three lives A, B, 
an’d C. 


SOLUilON. 

Let S denote the value^of S on the contin¬ 
gency of C’s surviving B (by truest. Xl, Note 
O), and the general rule, when the lives are un¬ 
equal, will be = 2 X X HC — HBC — 

X -J- AK^^^TaBK - X 

AB'C ~ I-* X Nt - NBC + -1^ X 


-f . 

' « 2a 

lives be equal, the Rule heconaes = 

V - 3CC - 2cca 


If the three 



PROBLEM V. 

'To find the vajue of a given sum, payable on 
the death ‘of Ji, if his life should be the jSrtt or 
\eoond that fails of the thre^ lives A, B, and C. 


SOLUTION. 






% The v^oe of th? Reversion, when the lives are 

uneqitat, will be =y D + E — M. * • 

* • s f 'T * * 

When the lives are equals it will be as X . 

PROBLEM VI. 

To find the valdb of a,given sum,’nayable on 
the death of A, should his lif« be the ^second or • 
third that fiuls of the three lives Aj B, and*C. ! 

SOLUTION. 

■» 

If the lives be unegtial, the value of the Reversiosj 
will be = G — M.—^— ^ If th^ three lives be equals 

its value will be =* x — ^C. 

» 

PROBLEM Vn. 

To find the value of a given sum, payable on 
the death of A, should bis life be the Jlnt qx thf 
tost that fails of the three lives A, B, and C. 

SOLUTION. 

In this case th e value of* the Reversion will be 
= G — D -f E 2 M, if the lives be unequal, 

and =5 X 2 V^ 3 C- 3 CC“+'aCCei if 

the liyea be equai. 


PI^OBLEM 



Notes.' 



PROBLEM VIIll 

Tq determine the value of a given sum, payable^ 
on thek-death of 4 or should either of them be 
the that fails of the three lives A, B, anti C. 


SOLUpON. 

Let T, as in Prob. IV. denote the value of 
S on the contingency of C’s surviving B, apd 
EiCrvalue of,the Reversion, w/fen’C is the oldest 

of the three lives, v<'ill be 


S ihto ~ X 

3c 


/s. FJt - 'Ai’K 
25 


+ BK-ABK 


/S. FC - AFC 


65 


. r-l. BC-ABC , w. PC-APC 
3r f + 6br 


_d 

3cr 


+ 

X 


BT - ABT + —+ 2. - — But if A be 


the oldest, the value will be = S into 


r~i. V-AB 


- /8.HF-HFC , HB-HBC ^.AF-AFC 
X . , T" t o 


3a 


t 5 


65 


4. X AB - ABC + 

' 3r ' 


m. AP — APC , « ^ 


65r 


3flr 


BN. - BNC , m. PN - PNC . , . - ,, 

- 2 -■** -- 1 -• -^od if the three 

lives be equal, the value will be ?= X 

v^~ccc: 


PROBLEM IX. 

To determine the value of a given sum, payable 
on the death of A hr B, should either of them be 
the secoTtd that Tails of the th^e lives A, B, and C. 


SOLUTIONS 
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SOLUTION. 

When fhe lives are of unequal ages, the valiu; of 
the Emersion will*be = ~ D + £ 

-(S denoting the same value as in Prob. IV. 

qnd Vill.) When the ag^s of the 3 lives are equal, 

the value will be = —X V - 3 CC-^CCCT 


FROBLEJVI X. 

To find the value of a given sum, pay^bleton 
the decease of B or C, should either of them be the 
last that fails of the three lives A, B, and C. 


SO,LUTION. 


The value of the Reversion, when the lives are 


unequal, will be = X BC^— ABQ + 4 - 

W — M, and when the lives are, all equal, it will 




PROBLEM XI. 

To determine the value of h given sum, payable 
on the contingency of C’s surviving B, provided 
the life of A shall be then extinct. 


f^OLUTION. 



Notes. 


SOLUTION. 


When either Bor C are the oldest of the three lives,* 
,tbe vafue of the given sum will be = S into X 

_ bk^ITaBK 4- ^ X FC^FC 
^ IrJ X BC - ABC - X PC ^APC + 

4 - X BT^TaBT - 

Oct ' . ^ 6 

" i ^ 

■ Wheii^ A is the ofdest of the three lives, the value 

will be 2 - X « 

It* X HC^BC X A^A-BC4- ^ 


X ncTAnbc + ^ X + ANX- 

Srr 2 ‘ a 

1 

(S denoting the same value as in Prcb. IV. VIII. 
and IX.)-Vt^ien the three lives are equal, the 

value of the Reversion will be = X 

__ or 

V - 3CC - 2ccc: 


SECTION, 




Notes, 




SECTION ir. 

»rp 

X HE remaining problems involve a conting^ency 
whicn makes it extremely difficult to gsve art 
exact solution of them. By the assistance, howj 
.ever, of the tables inserted at the end of this Note 
the difficulty may in a great measure be sur¬ 
mounted ; but it is to be observed that the rules 
afe unavoidahJy rendered more complicatcrl, and 
therefore, ^in addisipn to the symbols^jTready bse'd, 
it has become necessar_,''to have reccturse to the_ 
following. 


X, y, and z, denote the differences between the re¬ 
spective ages of A, B and C, and of the oldest 
person in the Table of Observations. 

k, the number of jfersons living at the age of A 
at the end of x, ?/, or z years, according as 
A, B or C is the oldest life in the Problem. 

p, the like number at the age of B. 

q, the like number at the age of C. 

S, the probability (by* Table II. at the end of this 
Note) that A dies after C. 

f, the probability (by the same Table) that C dies 
after B. 

the probability (by Table I. at the end of this 
Note) that C survives B. 

fj., the probability (by Table II.) that C dies 
after A- 

the probability (by the same Table) that B dies 
after C. 

TT, the probability (by the same Table) that B dies 
after A. ^ 

(pt the probability (by Table I.) tiiat*B survives A. 


A^ A", AB^^ ACl||, See. B", B% BC% 


&€. -C^ 
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.o', CAl See. the values of annuities on thg, 
single or joint lives for x, y, z years..’ 

1 J 1 I I 1 / 

A', B*, B', C*, C»j See. the values of an-« 
nilities on single lives, x, y, or z years older 
than A, B, C, &c, ‘ 

i. 

—, —, —, the value of at the end of x, y, or 
' z years. 


PROBLEM XII. 

To find the value of an annuity on the life of C 
after A, on the particular eondition that A’s life 
when it fails shall„fail k(^ore the life of ii. 

SOLUTION, 


If 'C the oldest of the three lives, the value 

, C-AC , BC-ABC tr , , ,7 ,, 

will be = —~—,-l-^-. be the oldest, 

(. 


the value will be 
AC + BAG 


C‘ + liC' 


-{- C- — C"* 


C-' - ACl. 


If B be the oldest, the value will be 
BC - ABC 


4- TT. C-CJ'4- 


tbree lives be equal, the value will be 


And if the 

c - ccc 


PROBLEM XIII. 

To determine the value of an annuity daring 
the life of C qfter A,‘provided A should survive B. 


SOLUTION. 



Notes.- 


39s 


SOLUTION. 


The value when C is the oldest of the three lives 
C - AC BC - ARC * ' 


will Be 


when A is the 


P* _L. U -- - - 

oldest it will be = C—- ~ + <?• C — 


AC - ABC 




; when B is the oldest 
i\r]' “bo-ARC 


C*- AC 


2iS 


— TT. C —- CV aikI V'hcn 
- ( • ( 

the three lives are equal, the value iWill be =: 

c _ 2. cc + ccc * 

2 


PROBLEM XIV, 

To determine the^ value of a ^Iven sum payable 
on the death of A and C, provided B should sur¬ 
vive one life in particular (A). 


SOLUTION. 

Let the value of an annuity of \ C\ depending 

on the contingency in Problem XII. be denoted 

by Y, and the value required, when the ages are 

. . 

unequal, will be = E-- X Y.—But if the 

S T — \ 

ages be equal, the value will be = — X 

v^cc^c^ccc: 


PROBLEM XV. 

To find the value of a given sumT payable on 
the death of A and C, should B die before one life 
in particular (A). 


SQLUTION. 
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SQtunojf. 

Let the value of an annuity of uepending 
on th?,contingency in Problem XITI. be denoted 
by Z, let the value of the given sum afte«* th* 
death of A and B, provided B should die before A 
(found by the 2d Question in Note O) be reprer 
senled by X, then will the value reijuired be ^ 

S r~-^i 

Z-^— X X if the ages of the three lives be 

unequal^ or t-= —y V—L''irtheagcsbeeyz4fl/. 

PROBLEM XVI. 

To find the value of a given sum payable on 
the decease of B and C, should their lives be the 
last that shall fail of the threb lives A, B, and C. 


SOLUTION. 


If B (tml C are both of them older than A, and 
both (f them niarly if the same oge, the value re- 

tiuircd will be = S into- X —— -g— 

T o -Q 

1 Tin' AB + AC , nt T^i~ATi PC —AFC , 

+ BC- 2 + , 5 ^. X 1 + AP-- 3 —-f 


d — 
.— X 1 

2 tr 


BT-ABT 

3 “ 


Am. 1 + APi' 

" dib 


- -_ X BK - ABK + —^ ; But 

if the age of B much exceed.^ that of C the general 
Pale Will he more iiccur.iteiy expiessed by S into 

BC oiyc ^ ^ 



NofeSt. 




— Arc ,• w r Id 

-V 


■. I'T -APr PC- Ai‘g:~ 


'!» - APjv - X —H-1’ “ A ]' , '■ -{-^ 

2 c/ 5 • » 

•-i 


' Cr!> 

A be the oldest of tk% three lires, the general 
rule will be S into lH-—Ji _|_ ^ 

o.. • 

I 


r-T. V+ R* + ?i,^ + Aft 


ir 




3r 






V K".- mvj • 


t.AK —AiiK . «; .t , -)l' “C-TrBC . J 


+ S>^HB + 


•r ,- - X 


•js 1 + i\i;'r 
3c 


NC- NbC + X + 

2cr ' 

liL- r X V- C“ Va4- ^ X 

3 ^ cr^+l ^ ^ ^ Ux+l 


X V — B'.-And if the three lives be eqiudy it 

g Y _ j _ • 

will be simply —— X V — L. 


PKOBLEM XVII. 

To find the value of a given sum pavable on 
the death of C, provided A shculd be the lirst, 
B the second, and C the third that shall fail of 
the three lives A, B, and C. 


SOLUTfoN. 


When C /? the oldest of the 
value of the given sum vvi^I 1 e 

— BK^BK + 


three livesf the 

S linto -- X 
^ (Sc 

BC- AliC ,, fit 
~iSr T" 3^ 


X 




Notes. 


_ PC^C - + 

c tb * 

+ ^ X - -r:::^’:— when 

2r fcr 3 

B is the oldest of the three lives, the value will be 


. r- 1. BC- , K 

S into--+ X 


/3. FK - AFK 
b 


BK: - A3K 4- 4- X A ^. £ -~PC-APC- 

307’ c 

ifi.FC - AFC , - AC)'' , d 

w 7 -^ 2;^.^ '7' 

4 

T> - ATI' + ^ " 7 X - men A 

is the oldest, and B the youngest of the three lives, 

the general rule becomes S into‘'^4™+ 

ii7'^_ ‘Ac + C' ' . AiT-^TiiK , d 

-—- iXBK4 -- + ~ X 

AT - AB'r J ,p _ _|. 4_ 

^ Oar 

^(TZWC + - + i X HC^7 hBC+ 

- 7 - + - 'ers^T- X V - Q.- But 2Vhen 

A is the oldest, and C the youngest of the three 

lives, it becomes S into—,— x V —3C—ABC 

Or 

r —1. B(' - AC a ^ '/\F - AFC , « HFC , « 

-'r --^ X-T.-~ - 7 -- - + - X 


PC-APC- 


aa ‘ Of, ■ 


4- HC + 7 X NB-NBC + 


m 1 + N FC 


“•el X ' + 7 1+ 4 X 


r- \. V. - g- p. «.r- 1 . y - BC)'- 
crA + i “* e^crA-1 


“And 

when 
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when i/ie three lives are equals the general^rule is 

reduced to - 

\ S'- 

PROBLEM XVIII. 

To determine the value of a given sum payables 
on the death of A or % should either of tliein be 
the first or second that fails of the three lives 
B, and C. 


■60LUT,ION. 

The value of thisireversion in all cases#is — — 

• r 

X V-“AB. 


PRQBLEM XIX: 

To determine the value of a given sum payable 
on the decease of A or B, should either of them 
be the second or third that shall fail of the three 
A, B, and C. 


SOLUTION. 


The value of this reversion when A and B are 
older than C, and both of them nearly of the 

^ ^ 2 __ ~~ 

same age, will be S into- X V -j- ABC — 

'^-!-f^ + “-AB-^XAK + BK-2ABK 

+ ^ X AF - AFC + X iTaP + "Epn: 

But if B be considerably the oldest of the three h'l eT^ 
the value will be S into ~ —! X -F ABC — 

T _ _ _ 

Av-f R+RC 


n 


o 




Notes ^ 

a»+,.bTbc , tTl’ 


ir 


-AB-~ X AK|^+ BK - 2BK 


4- ^ X AF - AFC + X 1 + AP + 


-If C I'e the olclest of 


, Ait r_ I. V- A; 

I ^ , T a • “ 

• ar^ r 

the three lives, the value of the reversion will 

___ " iv + B" ' 

. r-lxV-f-+ABC pp.Af, 

be = S into __.„4- 


i".. 


2r ^ 


AB 


. ^ avl - AFC , 

-t- - Tb 2a ^ 




+ 


b) 

c.l- r-i V- A- 


pi- 


ar 


,.2+i 


ubr~ 


-X 1+ABi:.- 


if the three lives be equal, ‘Jie value will be =r 
S. r-'l 


r , 


X V - c - cc + ccc. 


PROBLEM XX. 

V ' 

To determine the value of a given sum after the 
dicccase of A or B, should either of them be tlie 
fiisi or last that shall fail of the three lives A, B, 
and C. 


SOLUTION. 

If B he the oldest, of the three lives, the 
value of the given sum will be S into 


>: V - AI}C 


A’'+ B 


AC + EC 


/3. AF - AFC 


‘ 2 b 



Notes. 
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A F — A FC , K -2—.V I I ’ 1 1 - 1 

-— -.jj ,—- + :r x*^ 4- Bk - ^ABk 4 X 


J/;r 

• 0 


(L \ -f ^FK A -- A t\ , ^./c ,r - ' 

►- A A AP H- - X r - 1. \ - Ar.- 

i; U!' ^ 

If C, he the oldvst (f the th>ca lives, the va!ar. 

r— I 


will be S into 


Al'^‘—Al'C’ 

•th 

'Ar,+ iT«i 


X V — ABC — > A^ -L B 
1 + PC' • 


. 




i-pAhf 


olc. r — 1 

'■'TT r 


X V-A^ 4| ^ ' k 


(ir 

r — 1 

rs 






p X V - A: + B=*- X Ai. 

/k cibi' 

t- ♦ 

Tl the three lives he equal, the value will be 

X V -Ab + - ecci 


—And 

.'a. / — I 


PROBLEIVI XXL 

'To fltid the vaiue c*r a ji;iven sufti pan:'A - 
the death of A, .should iiis life be the a, .si or 
secoi.d that fails, and should B’.s life, h' k faiK. 
iK'cuine extinct before the life of C. 


SOLt'TlON. 

'll he valiK' r('(|uircd in this Problem is no more 
tlian the value of a ;nvun suui on the death 
“ o( A, should C uivive Ihm,” and theiefore is 
obi.lined by the Solution o! the lirst 
iSotc O. 
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Notes. 


t r PROBLEM jrXII. 

V 

To determine tlie value of a given sutiT payable 
on the death of A, should his life be the second^ 
or t/iini that fails, and should B’s life when it 
fails become extinct before the life of C. 


SOLUTION. 

When' B n' the oldest of the three lives, the 


r — 1 


value of the reversioi^ will by = ? iiTto —'X 

+ BKfZWBKd-'-^ 

-ir 


2V 
+ ’ 


3A^ - ABC, 


!)■ 

3c 


3hr 


X PC - APC 


+ APT 
^2c 


+ 


66 


FC - AFC + 3AF _ ^ X BT - ABT • 

. ber 


2c 


AK!^ + 


AC'»-AB . .q ?c.r—l.V —Ai' 


+ £ + r X 


,y + 1 


When C is the oldest of the three lives, the value 
will le = S into X 2 V—sA’^—ABC— -- X 

BK~-:wM + £ + AFK + ,^ X PC^^AP'C- 


3ir 


d 1 + APT 


3AFi’. 


X BT-ABT + ^ X FC-AFC 


6b 


X , AC“AB1' , ilc.r —i.V—A’ 

iiXAK + —^ + - 


When A is the oldest, the value will be = S 
into^X 2V-3A- ABC - -- x AK^ABK 

-T + i- X hc^-TTbc - X 


Ai; ~ ABT -F 


s. 1 + NBT 


s AC-NBC 
2ar X 


3 


1 + NB 
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- 1 +NB+ - ^ when die lives ttrc^equal. 


the val'ic will be — 7 ’:—- x 2 V — 3C -^CCC 

^ ii> 




(j/ 


PROBLEM XXIII. 

To determine the value of a E^iven sum payable 
on the death of A, ff^aukl his life be ihe //vv' or 
fa.s'/' that shall fail of the three lives; oju! sl’oald 
P's life, ifjt fiilj^bccomi^ extinet befoie t:ie hf; 
of C. 

‘SOLUTION. 

% 

If B be the old^t of the three //i'e.v,,the*value 
will be S into ' “ ' ^ 


r — 1 
'Zr 


X V-A-- ABC + 


+ -W >< 1 + APT- 


ntjcr 

'■Zhe 


Za 


X i -pAT+Bl -ABT 


- X AFK -d- 4 X AF+FC-AFC+£ + . 

' <Zu 


X 


/o--t.V-A,7 
ur'J ' * 


Iq.r— 1 . V — A in ^ 

Ortrry+‘ r” 


If c 


he the oldest, the value bccomes'S intoj;X 

^ ^^Zr 

- + 


V-A^-ABC-f 

£ 

Her 


Zr 


Zber 


r— 1 

X r+AT f 


: X 1 -i- AT + BT - ABT - X AFT 


X AI V+FC-AFC + 


ik. 


1 . V - Ar 


1 


If A be the oldest, it becomes S into 


V-A-ABC + -~ 


AB ^ 


>■ — 1 
2 r 
AK 


X 


4 X AT-ABT -i- — X 1 + JN (» - NBC 


‘ T) D 2 






io-i Notes. 

*■> i ' 

—— X ll + NBT : - And if the three lives be 

'2acr • ‘ , 

cqua), \i becomes = —- X V — C + ~ CCC, 


PROBLEM XXIV/. 

' To determine the value of a given sum payable 
on the deatli of A, B, and py provided C shall die 
after one life in particular (A). 


SOI/LTION' 

The value of the reva sion fiTthis esse, wlieu 
B is the qkltsl of the three live^, will be S into 

X i]cVB"-AliC+-!| - ^ £ X t-AP- 

_ i X EK^ABK + W.—When C’ 

is the oldest of the three lives, the value will be 

Siular--/ X ABC + ^ - 

X 1 +Al>l'-‘!;l+/‘i'‘'_^X BK- ABK + W 

_|_ -When A w the oldest 

br' ^ 

of the three lives, the value will be r= S into 

v~ i> . ' r 'i a,/ Hrij- AC Anf j. ^ 1 

X ^ “B—2C/-j~*.iBC“j-AL—ABC -j” -f* 

^ X HB+iTC^"HBCX AK - ABK 


+ -* + 1- X + "-’’---f B.— 

When the three liv^s arc of equal a"e, the value 
wiD be = X V^C+3CC^CC'C;tliatis 
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“.half the revcrs’wan after the *extInctii)u»of the 
thi»e,]ives.” 

In the farther pursuit of these c'uc|uiries J have 
discovered a simple method of approximating to 
the values in,the preceding Proi;lems;’ but,jt 
would be imj)roper to enter more i'ully into tjie 
subject at present. I shall only observe here, 
that the solutiousTtf those cases which iinolve 
threo; lives, and eVen those which hivolve two 
^ives in thc^ survi^rship, ^eiiig formerly deduced 
from an £rrt>rteou^ hypothesis, it^\ws im[:;pssible 
to determinefar npr/roxi*mattons could 
be depended up(»n. By the assistance of tire 
tbregoing rules which havd.been dcrivecHro’p the 
real probabilities of lile, and which I believe ex- 
iiaust ihe subject in regariJl to three lives, this 
point may now be ascertained^; though perhaps. 
it may not often be adviseable to have recourse 
to ap/jro.vimaiionx, when the exact values .can be 
obtained with so little additional trouble. 

The following Tables are inserted,, as being 
necessary to the solution of the Problems in this 
Section. The dempnslrations* c^f the rules by 
which they have been computed may Iwneen in 
the 79 th and 84th volumes of the Phuosophieal 
'JVansactions. M. 


TABLE 



4o6. 


'^ahks. 


TABLE 1. 

Shewing tiie probabilities of survivorship bctvveen two 
pcrsons'of all ages, whose; conuiioii dilfererice of age is 
■ 'not less tlian ten years, computed‘from the North- 
•amjttoii Table of Obtervations. 


Ten 

rs difiVrente. 

Twenty a earsd iiference 

Thirty ye.Trs ditrerenor. 


Prohahiliiie-', 

Ages. 

Pmltahilitieb. 

i 

Ages. 

4 

ProbabiliLtP". 

11— 1, 

.5s,so|.-nn 

21— 1 

/>246|.47.)4 

31-:-*1 

.l-aoil „5177 

12— 2 

..71Jlv^8()4 

jn _ 0 

.4473 

.55dlfr 

■V- 2 

. 3 . 036 . 606-4 

j;!— " 

.4S2:0..5!77 

23—95 

.4088 

..9912 

33-)-- 5 

.. 3.557 .d-l-i.) 

1 t— 4 

. .,H02 

24— 4 

.llOOO 

.01(1) 

34— 4 

.r,:s6.67U 

I,*)— 

.4 i70j.5.580 

2.5— 5 

.37 do 

.d2il 

.3.5— 5 

.3135'.()S65 

lb— ( 

.-■l.j-m ..5b'.'.7 

,d- d 

..3d40 

.(i'3d'{) 

36 — 6 

.298,5;.701.5 

17- 7 

.-1 >.i;J.57-17 

27- e 

.3.548 

.d'4.52 

37— 7 

.288,3 Jl 17 

IS— s 

.■tI9i:.,5809 

28— 8 

.3484 

.6516' 

.38— 8 

.279S;.7202 

19— 9 


2.9-- .9 

..34 52 

.6,548 

39 — 9 

.27 53;.7 247 

20—10 


ao—H' 

,3141 

.6.5 .T) 

10—10 

.2733!.7267 

21 — 11 

, V.‘5S}.5S42 

31 — 11 

. 344.0 

.(1.560 

41—11 

. 2724;.7270 

x’e- “'2 

• tids ..'>832 

32—12 

.,3442j.d,558 

42—12 

.27 1 827 2 8 2 

2J~’l 2 

.-Ji7,S''.,i822 

.33—13 

.3-l-14.d5.5d 

43—13 

.27 li;.7289' 

2-1—1 i 

.4.19!;i.5S10 

34—14 

.3-117 

.6553 

14—il 

.271 li.7289 

25—la 

.i202|.;)798 

,3.5-—1,5 

.,31.51 

. 6.549 

45—1.5 

.2708|,7292 

26 '—](> 

.12 Id!..578-1 

.3(1—1() 

.34,-56' 

.6>41 

Id —16 

. 27061.7204 

27—1; 

J JO .5774 i37 — 17 

I,,8 

.()'542 

17—^7 

. 27011.7299 

1' 8— i 8 

.l23‘?L57d8 

58—18 

,34.54 

■d.'i-ld 

48— 18 

.269oj.7310 

29—19 

.I2:.14'.,')7()'d 

3.9—l.Q 

.3444],d56d 

19—10 

. 2()7 22732.8 

;>) — -JO 

.•I2.'ir .'vd;) 

40—20 

.,;-12,<)|.6'.57I 

,50—20 

..6'5(l'.73 50 

.■!l—21 

.4222..5778 

ll-21 

.3408 

.0'5,92 

.51 —21 

.2{i2] ■7.;7',; 

02 — 22 

■ 1 . 2 ' 10 . 7pi 

-12—22, 

.:33S4j.()()lO' 

.52—02 

.25.892741 1 

1—2 1 

. 14,1!, li;3 

13—23 

.335,0 3)‘041 

,53—2," 

.25.50'. 7 1'-i' 

;; 1—" 1 

-1 1 : 2 ..■ 1817 . 

14—24 

.333,'- 

.666 5 

> i—21 

.2.522 .747 3 

.-1,^—2;. 

: i7o'..'.83o 

1.5—2,5 

.3:;o9!.d()'9i 

.55—25 

.2187 .7 'il.’> 

7>6'-2. 

il.5(i'..'KSl 1. 

id —26 

..■i2S3 

.6717 

. 56 — 23 i 

.2.152 .7548 

;17—27 

-11 id ..'1850 

17-27 

.3256 

.0744 

Y _ 0 ~ 

.241 (ij. 7584 

;iS—2N 

4 120,..5874 

18—28' 

.3228.677 2 

58—28 

. 2 . 17.0 .7621 

.■19—29 

41 10..58910 

1.9— 29 ! 

. 3199 ! 

.6801 

50—29 

.2 .1 1 i .7659 

4.(5—00 

I(-9'4'..-590o! 

5n_o;()i 

.'51701 

.6810 

(A)- . 

.2.’o2!.76o,s 

41—.11 

4.07SdO;22 

51—iii; 

. 31 . 43 ' 

.6s, 57 161— i 1 

.2'.’ii.'. .7737 

J.O _ 2.2 

-i(;d3'..5.td)7 : 

72 — 32 ! 

.31 1 <'! ('.> '4 : 

62-- 32 

.2'.’23|.77r7 

ji 

404;» .,5921 1 

j3 — 34 

.3088 .dpi2 ;d3—33 

.218J|.7sS1'; 
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i!"l’en years difl'erence. iTweniyyearsdifferencelrAirtY years (Min'^enee, 


Ages. iP?'ohabiIitic5 


4t.- 

4.5- 

46'- 

47- 

48- 

49- 

50- 

51- 
5«- 

53- 

54- 

55- 

56- 

57- 

58- 

V.o- 

>(i- 

6 ' 2 - 

6'.'3- 

Ot- 

(i5- 

6'(i- 

6'7- 

68 - 

6'y- 

70- 

71- 

72- 
73 
7 4 
7 5 

76 

77 

78 

79 

80 
81 
82 
S3 

84 

85 
86 ' 


-34U034 

-35U019 

-36'>4004 

- 371.3988 

-38L3971 
-39.3954 

-40’.3;)3S 
-41 \392;i 

- 42'..3907 

-4:’)! 3890j 

-4423881 

-45La853 

-46j.3835 

-47-3816 

-4.81.3797 

~ 49 '. 0?77 

-50i.3756 

-5r.373() 

-52j.3700 

- 50 i .3668 

-54|.3634 

-55 La 5.97 
-.565.3558 
-57j.35l7 
-58^.347! 
-59 .3430 
-60^.3385 

-61,.3338 
-62.3290 

-t)3 .,3246 
-(i'4.32()4 

-65 .3179 

—()6 .3145 
-()7'.3l20 

-68 .30,90 

-09 .3047 
-7O|.30OO 
-71L2,9.>8 

-72 .2919 

-73 28.90 

-74L2.902 

-75.2917 

-76 .2925 


,5966 

.5981 

5.996 

9012 

6029 

,604’6 

,6062 

.6'077 

.(•«,93 

,6rt(? 


Ages. I Probabilities, 


54- 

55- 
.^6- 

57 - 

58- 


-34: 

-35 

-36 

-37 

r38 


.30()'0' 

.3032 

.3003 

.2,978 

.2943 


. 5 . 9 -TO 913 


60— 40| 

61 — 41 

6'2J<^2' 

63—43 


.2882 

.2849 


.2814?\7186 


6 ll. 9 ^.v 44 | 
()' 14 ^ 5-^45 

66— \i6 

67— »47 

68— 48 

69 — 

70— 50, 

71— 51 

72 — ^2 

73 — 5-3 

74— 54 

7 . 5 —5.5 
7 6—56 
77 


Pnibailili'ies.' 


20.i'fe.7907 


2047 

2001 

1954 

1906 

.J8.59 

,1810 


.795.1 

1.7999 

.8046 

. 8094 , 

'.81*41 

8190 


2774f226 

27331:7267 

'' 6 . 9473 J 0 
.264647354 


2601 

2555 

.2509 


2406| 

.2349 

.2291 

35 
.2181 
213. 
2080 


.6165 
.6184 
.€‘203 

.6223 
.6544 
6270 
,.6300 

1.6332 

.6366 

.6403 
1.6412 
l.6'483 

.6.52(i 78—5., 

.6570 79 —5, 

I.(i6i5 80—60] 

L6662 81—61 
.6710 82—6'2! 

.(>754 ,8.')—^6^ 

.6796184-64j 
.6830 iSo-^-Go 
.6855 '86'—66.162.9L8371 I96—6(> 
.6880.87—67.l638j.836'2 ' 

.(,5)10188-68.16'.14:.8356 
.6.9.53 ,89—69 .1623;.S377 
.7000 ,90—70.15o 7|.8433 
.7012 91—7 I i.l4.5o!.8,')50- 
,.7081 ,92—72[.l 305'.8():)5 
.7110 93—73 .1 108L8{^)2 I 
7(1.98 94—74 Lo924|.9076' 

. 708,3 95 - 
.7075 96- 


99 

/VI5 

.74)1 
. 2 i €]; Jif >39 
.75.94 >81 
.7651 
•7709 

■7765 
.7819 
.7869 
.7920 

2024.7976' 

.1959'.8041 
.1890;.S1!0 
.1823’.8177 !91—61 
.175758243 192—62 
.1703’.82.97 L)3—6'3 
.i673L,H327 !94—64 
.16551.8345 195— 65 ] 



,1758 .8242 

1705 .14295 
1653 .83.17 
1604 i.83.96 


&.;.40 


-75,.07173.9283 

-761.05121.9488 


|. 102 ^,H 97 5 

1^90.35 
,0868L91.32 
,075t..i)M() 

,0618 .(i;;8',> 

.04,93 .;)507 
,0368,..9(i:!2 
0258;..97 *2 


T.9, 
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Tables. 


Ti-n years difference, j 


As<'s. 1 

[ l^robabilities. 


87—77: 

. 129 + 2 | 

1.7068 


8 S —78 

■^5)9^! 

. 7006 ' 


7<) 

.302.9 

.0,97 1 


.<)()—so 

.3022 

■0978 


V)l—81 

.2897 

.7103 


j) 2 —S',’ 

.2720 

• 7280 


5)3 ^ 8.3 

.2420 

.7580 


5)1-83 

!.20-D9:.75)7>1 


5)6—83! 

!.l('O{)|.8.3,0i 


«)()— 8(7 

'.1 ! 731.8827 



I'orly’jcais^flillemicc. I'li'ly y,(|nrs (liH'cK i)co. Mxtv yoai'h (Uireiencc. 


Aj2;cs. 

Frobahililie,. 

AgoU 

/' 

Piobabilitie.^. 

A Res. 

ProbabilUies. 

41- 1 

.43 ■■.7 

.5643 


.1.916 

.6084 

61— 1 

.3494.6506 

42— 2 

.33,98 

.()()02 

.:2— 2 

.2887 

.7113 

i-'io _ 2 

.2413 

.7587 

43— 3 

.2,985 

.7015 

53— 3 

.241() 

.7654 

()3— 3 

.1,952 

.8(118 

-3 1— ■- 

‘5u88 

.7312 

5-1 — 4 .2128 

•7872 

64— -1 

.l()i;) 

.83 S i 

t',5 

.2520 

■7480 

5.5— 5.1918 

.8052 

6.5— 6 

.1428 

.8572 

40'— 

.23.5;3 

.7617 

50' — 6 

. 1 76'S 

.8232 

66 — 6 

.1237 

.87 6.3 

47— 7 

.22*'.0 

.7770 

57— 7 

.1(1,35 

.S3(i5 

67 — 7 

• 1092 

.8908 

48— 8 

.21 iO 
.2086' 

.7860 

58— S!.15;35 

.84()6 

68— 8 

.(>982 

.()018 

49— 9 

•7914 

•59— 9 

.1474 

.(8526 

69— 9 

.0912 

.90s 8 

50—I(H.205,9 

.7941 

60—10 

.1442 

.8668 

70—10 

.6873 

.9127 

31—11 

■Ot-'S-S 

.75)55 

61 —111.1422 

.8678 

71—11 

.0846:.9164 

52—12 

.2035 

.7.965 

62—12.1406 

.8691 

72—12 

.0825 

.9175 

5.3—13 

.2029 

.7974 

03—13 

.13,90 

.8610 

73—13 

.0805 

91.95 

54—14 

.20 1 8 

.7982 

61—14 

.1376 

.8()24 

7-1—14 

.0788,.921 2 

5.5—16 

,2011 

.7989 

(i5—1 j'l 

.136'2 

.8038 

75—15 

.0775 

.,((225 

55'—K'i 

.2005 

•75)95 

6()—16 

.1350 

.8650 

76—16 

.0768 

.,')232 

57—17 

-199.- 

.8001 

67—17 

.1335 

.8665 

77—17 

.0759 

.,9241 

5 0—18 

.[.O.l 

.8019 

6s—1 

.1314 

.8686' 

78—18 

.0743 

.92.V7 

5,9—19 

-19'9 

.8011 

0,9—I9!.J2^6' 

.8714 

79—19 

.0719 

.,9281 

60—20 

.t.O.il 

.8069 

70—20 

.1253 

.8747 

80—20 

.06911 

.,93 iO 

61—2! 

.18.96|.8104 

7!—21 

.1211 

.8789 

81—21 

.067)5 

.934;5 

6'2—2. 

.1856 

.8145 

72—22 

.1 1(),5 

.8835 

S2—22 

.06 1 6 

•9384 

0*— 23 

.1812 

.8188 73—23 

.1120 

.8880 

83—23 

.0581 

•9419 

64—24 

.176'8|-.-S232 ,74--24.1075 

.8925 

84—24 

.0556 

.9441 

Forty 
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) t 


^orty years diirci'encc. 

iFi 

%ars dillVit*iK‘c. 

j Ftv years ijiirc|,.ticp. 




Probabilities. 

A^( 

•c. 

Prob^iiy 

6,-.- 

-73 

!.I7?2 

.8278 

'75 

—25 

.1032 

.89(18 

S.5— 

-2.5 

.0532 

:.9408 

66 - 

-73' 

.i6'76’ 

.8324 

176' 

—26 

'1.0991 

.<1009 

86- 

-26 

.05 ? 1*.9489 

67- 

-27 

1.16'29 

.8371 


■—77 

:.o95o 

90.0 

87— 

-27 

.0400 

''.o5iO« 

6'S- 

-28 

5158i!.8119 

7B 

—28 

,;.09()7 

.9093 

88— 

-28 

.0473 

'..9527 , 

69 - 

-29 

1.1532 

.8408 

79 

—29 

.0861 

.913,9 

89- 

-•29 

.0448 

;.9j.)2 

70- 

-30 

.1483 

.8517 

80 


'.4»815 

!.o185 

<10- 

-30 

.0413 

i.9.587 

71- 

-31 

1.1434 

.8566 

SI 

—31 

1.7)7 7U1.9230 

91- 

-.31 

’.036.3 

y'J(t37 

7'2- 

-32 

.1381 

,8()16' 

82 

—321.072 7 

•9273 


■32 

1*0310 

'.<)(>9() 

7'*—33 

.1335 

.8^)05 

83 

-.8.3 

|.068Si 

f.9313 

93— 

-33 

i.0248 

, 9/ .52- 

71- 

-34 

. 1287, 

,87«i;> 

84 

A 4 

i-OOO'O 

.9340 

94- 

-5M. 

J.OI94 

.9806 

73—35 

.1242 

.8758 


^35 

.0635: 

|t<)365 

95-2- 

-S.r 

.0140 

^s6o 

76 - 

-36i 

i.ll,ci9 

88()i( 


I36 

.061'2] 

L93S8 

96 — 

•36 

’.0095 .9905 

77. 

-37; 

:11.5() 

'.884-1 

187 

A37 

.0591^ 

Ul'i.g 





78- 

-38 j 

.1112 

'.8888 

S8 

-jis 

.0.574 

'^426 



J- 


79- 

-39; 

.1064 

.8936' 

89 

—39 

.0548 

.<^52 





m- 

-40| 

.1021 

.8979 

90 

—40 

.0511 

•.9f.9 





'SI- 

— H' 

.O.OOH 

.9032 

01 

—41 

.0455 

^i45 





8 '-’- 

-421 

•0919 
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